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V  O  L.  II. 

1  he  Dodtrine  of  fixed  or  folid  Bodies. 


which  touches  the  other,  are  called  ftars  or  mun¬ 
dane  and  celefliäl  bodies ,  and  conn  It  of  fixed  and  of 
fluid  matters.  The  conftituent  parts  of  the  fluid  mat¬ 
ters,  which  are  never  changed  into  others,  as  of  the 
air,  water,  fire  and  light,  are  therefore  in  like  man¬ 
ner  to  be  deemed  fixed  bodies,  as  they  ever  con¬ 
tinue  what  they  are.  But  the  nature  of  thefe  con- 
flituent  parts  has  not  hitherto  been  difcovered.  So 
Vol.  II,  B  that 


2 


Of  SOLID  BODIES. 

that  in  the  doCtrine  of  fixed  or  folid  bodies  we  have 
barely  to  explain  the  properties  of  the  heavenly 
bodies  together  with  their  fixed  and  fluid  parts.  As 
the  laft  have  been  already  confidered  in  their  effence, 
by  which  they  are  diftinguifhed  from  each  other  ;  fo 
in  the  prelent  undertaking  we  have  only  to  confider 
what  agrees  to  them,  in  fo  far  as  they  conflitute  parts 
of  the  heavenly  bodies,  and  (land  in  a  certain  con¬ 
nection  with  the  fixed  parts  thereof» 


PART  i. 

Of  the  Earth. 

V  / 

SECT;  I. 

Of  the  Earth  as  a  mundane  body* 

C  H  A  P.  I. 

Of  the  Figure  of  the  Earth. 

§.  329.  r-p  FI  E  earth  is  round,  and  floats  freely 
JL  in  the  heavens,  or  is  out  of  contaCl 
with  any  other  heavenly  body.  The  laft  is  at  firft 
fight  clear  from  this,  that  fun  and  moon  together  with 
the  other  ftars  appear  to  rife  and  to  fet.  For  fup- 
pofe  this  appearance  to  arife  either  from  the  ftars 
aCtual ly  moving  about  the  earth,  or  from  the  earth 

turning 
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Of  SOLID  BODIES. 

turning  on  itfelf,  there  muft  be  always  a  free  fpace 
between  her  and  the  liars»  And  fccondly5  this  is 
confirmed  from  the  earth  having  been  feveral  times 
failed  round,  Magellanes  the  Portuguefe  firft  per¬ 
formed  this  voyage  in  the  year  1519,  and  finifiied  it 
In  1124  days  :  and  William  Cornelius  Schonten  un¬ 
dertook  it  in  the  year  1615,  and  compleated  it  in 
749  days.  The  roundnefs  of  the  earth  appears 
hence  at  fea,  that  the  malls  of  diflant  fhips  are  feen 
before  they  themfelves  come  in  fight.  Had  the  fea 
no  convexity,  but  either  an  excavated  figure,  or  an 
even  furface,  on  which  right  lines  only  could  be 
drawn  ;  fhips  indeed  would  appear  at  a  dillance 
lefs,  but  yet  prefent  themfelves  full  to  the  eye  from 
the  top  of  the  mall  down  to  the  part  where  they 
are  in  water.  In  like  manner*  in  a  clear  Iky  the 
fun  would  be  feen  at  the  eallern  horizon  at  the  very 
fame  time  by  the  wellern,  that  it  would  by  the 
eallern  inhabitants,  were  the  earth  level. 

§.  330.  The  connection  of  the  fixed  and  fluid 
parts  of  the  earth  fubfills  by  the  gravity,  with  which 
they  are  impelled  towards  each  other,  and  to  a 
common  point  in  her  centre.  But  the  gravity  of  a 
body  at  a  lefs  dillance  from  this  centre  is  greater 
than  at  a  greater.  For,  on  a  high  mountain  a  pern 
dulum  goes  flower,  than  at  its  loot  (§.  46.)  The 
experience  by  which  M.  de  la  Condamine  found  this 
in  1743  in  Peru,  he  defcribes  in  his  Voyage  de  la 

Riviere  des  Amazone s,  p.  180.  8cfeq.  On  the  banks  of 
the  Amazon  at  Para9  the  pendulum  performed  in  24- 

B  2  hours 
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hours  98770  vibrations  ^  in  Quito  98740*  and  on 
the  mountain  Pichincha  98720.  And  thus  in  Quito 
there  was  30,  and  on  the  Pichinchia  50  vibrations 
lefs  in  24  hours  than  in  Para.  Quito  lies  been  14 
and  1 500  toifes  or  French  rods  higher  above  the  lea 
than  Para  •,  and  the  mountain  Pichincha  750  toifes 
higher  than  Quito. 

§.  331,  The  intenfity  of  gravity  decreafes,  as  the 
fquare  of  the  diftance  from  the  centre,  to  which  it 
is  directed,  increales.  Or,  the  intenfity  of  gravity 
in  a  lefs  diftance  from  the  centre,  to  the  intenfity  of 
gravity  at  a  greater  diftance  from  it,  is  inverfely  as 
the  fquare  of  the  greater  diftance  to  the  fquare  of  the 
lefs.  if,  for  inftance,  the  lefs  is  =  1,  and  the 
greater  =  2  ;  the  gravity  in  the  lefs  is  to  that  in 
the  greater,  as  4  to  1.  Now  be  the  point  to  which 
the  body  is  impelled  by  gravity,  the  centre  of  the 
earth,  or  any  other  centre  •,  the  adtion  of  gravity 
always  happens  in  converging  lines,  which  at  laft 
meet  in  the  centre.  If  therefore  a  furface  is  of  a  cir¬ 
cular  form,  the  lines  A  D,  B  D  and  C  D,  fig  16. 
plate  1 1.  along  which  the  gravity,  adtingon  the  bafc 
A  C  B,  propagates  its  effedl,  form  a  cone,  whofe 
vertex  is  in  the  centre  of  a  body,  for  inftance,  the 
earth.  On  cutting  the  cone  in  E  F  parallel  with 
A  B,  the  circular  furface  EGH  is  to  the  circular 
furface  A  C  B,  as  the  fquare  of  the  diameter  E  F,  to 
that  of  the  diameter  A  B.  So  much  gravity  as 
adts  on  the  furface  A  C  B,  fo  much  älfo  adls  on  the 
furface  E  F  C.  But  the  parts  of  the  gravity  on  the 

furface 
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furface  E  F  G  are  by  fo  much  nearer  together«,  as 
the  furface  A  C  B  is  bigger.  And  thus  the  denfity,, 
and  confequently  the  intenfity  of  the  gravity  on 
E  G  F,  to  the  denfity  and  intenfenefs  of  the  gravity 
on  ACB,  is  inverfely  as  the  fquare  of  the  diameter 
A  B  to  that  of  the  diameter  E  F.  Now  A  B  is  to 
E  F,  as  C  D  to  G  D.  So  that  the  intenfenefs  of  the 
gravity  on  E  G  F  to  that  of  the  gravity  on  ACB, 
is  inverfely  as  the  fquare  of  the  greater  diftance  C  D 
to  that  of  the  lefs  G  D. 

§,  332.  Were  therefore  a  body,  whofe  bafe  was 
E  G  F,  conveyed  from  G  to  C  ;  its  gravity  in  C 
would  be  to  the  gravity  it  had  in  G,  inverfely  as 
the  fquare  of  the  lefs  diftance  G  D  to  that  of  the 
greater  C  D.  And  thus  if  C  D  =  2,  and  GD  = 

1  ;  the  gravity  in  A  C  B  is  to  that  in  E  G  F,  as  1 

to  4»  . 

§.  333.  The  fall  of  a  heavy  body  in  the  firft  fe- 
cond  of  time,  arifes  from  the  gravity  ading  on  it. 

The  intenfer  therefore  it  ads  on  it  in  the  firft  fecond, 
the  farther  it  falls  in  that  fecond.  And  thus  the 
fpace,  which  a  falling  body  at  a  great  diftance  from 
the  centre  of  the  earth  accomplifhes  in  the  firft  fe¬ 
cond,  is  to  the  fpace,  through  which  it  falls  from  a 
lefs  diftance  in  the  firft  fecond,  inverfely  as  the  fquare 
of  the  lefs  diftance  to  that  of  the  greater  :  as  1  to 
4,  for  inftance,  when  the  lefs  diftance  ==  1,  and  the 
greater  =  2. 

§.  334.  For  a  body  therefore,  which  begins  to  fall 
from  a  double  diftance  from  the  earth’s  centre,  to 

B  3  finifh 
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finifh  fo  great  a  fpace,  as  it  would  finifh  in  a  certain 
time ;  for  in  fiance  a  fecond,  fo  it  began  to  fall  from 
a  fingle  dillance  from  the  faid  centre;  it  mufi  have 
a  double  time.  For,  the  time,  which  a  falling  body- 
takes  up  in  a  certain  fpace,  is  equal  to  the  fquare  root 
of  this  fpace  (§.  35).  The  double  time  is  to  the 
fingle,  as  the  double  diflance  to  the  fingle  dillance. 
Fall  therefore  a  body,  which  begins  to  fall  from  a 
greater  diflance  from  the  earth's  centre,  through  fo 
great  a  fpace,  as  it  would  fall,  fo  it  began  to  fall 
from  a  lefs  diflance  ;  the  time,  which  it  takes  up  in 
its  fall  from  the  greater  diflance  through  the  faid 
fpace,  is  to  the  time,  in  which  it  would  accomplifh 
this  fpace  from  a  lefs  diflance,  as  the  greater  is  to 
the  lefs  diflance. 

§.  335.  Were  the  earth  aperfecl  fphere  and  at 
refl,  a  body  on  its  furface  would  every  where  have 
the  fame  gravity.  For,  if  perfectly  round,  all  the 
points  on  its  furface  would  be  equidiflant  from  its 
centre.  So  that  gravity  adling  on  one  and  the  fame 
body,  would  in  regard  to  its  diflance  from  the  cen¬ 
tre  decreafe  no  where  on  the  furface  of  the  earth. 
The  gravity,  by  which  bodies  are  impelled  to  the 
centre  of  a  fphere,  is  nothing  other  but  the  centripetal 
force  (§.  91).  And  had  thus  the  earth  no  circular 
motion,  the  gravity  alfo  of  bodies  in  and  upon  it 
would  be  weakened  by  no  counter-adling force  (§.94). 

§.  336.  But  a  body,  neither  decreafed  nor  increa- 
fed  in  mafs,  is  lighter  at  the  equator  or  line,  than  at 
die  poles.  For,  a  pendulum  moves  flower  at  the 

equator, 
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equator,  and  quicker  at  the  poles,  than  at  Paris , 
without  any  neceffity  of  afcribing  this  difference 
either  to  alteration  of  its  mafs  or  its  length  (§.  46). 

M.  Azri^robfervedthis  firftin  1672  on  the  iflandof 
Cayenne ,  diftant  4  degrees  55  minutes  from  the  equa¬ 
tor  northwards.  For,  as  in  Augufl  he  obferved  the 
paffage  of  the  fixt  flats  through  the  meridian,  he 
perceived  his  pendulum  clock  went  daily  2 
minutes  28  feconds  too  flow.  He  therefore  Shortened 
the  pendulum  till  the  clock  went  juft.  On  his  re¬ 
turn  to  France ,  he  compared  the  length  of  his  pendu¬ 
lum,  and  found  it  about  1  \  line  (horten  In  like 
manner,  after  Richer ,  Farm  and  Des  Hayes  in  1682 
on  the  iflands  Gore  a ,  Guardaloupe ,  and  Martinico ,  and 
Couplet  in  1697  in  Paraibay  whither  they  went  from 
Paris ,  found  themfelves  obliged  to  (horten  their  pen¬ 
dulums,  to  have  their  clocks  go  juft  with  the  ftars. 
We  are  not  to  afcribe  the  length,  which  they  were 
obliged  to  take  from  their  pendulums,  to  the  heat 
of  the  fun  at  the  line  (§.  127).  Indeed,  according 
to  Picart's  remark,  an  iron  wire,  which  in  the  cold  of 
winter  is  a  foot  long,  is  at  the  fire  \  line  longer;  and 
according  to  De  la  Hire's  obfervation  a  fix-foot  iron 
wire  is  lengthened  at  the  heat  of  the  fun  about  ~  line. 
But  the  length,  which  was  to  be  taken  from  pendu¬ 
lums,  came  to  a  good  deal  more.  The  hiftory  of 
thefe  obfervatioos  Newton  gives  in  his  Principiay  book 
3.  propof.  20.  And  thus  it  hence  appears,  that  pen» 
dulums  move  flower  at  the  line  than  at  Paris . 
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The  mathematicians,  who  in  1736  and  1737 
meaiured  in  Lapland  a  degree,  that  interfedls  the 
polar  circle,  built  on  the  banks  of  the  xwtxFornea 
at  Pdlo ,  in  the  latitude  of  66°  48'  a  proper  room 
for  their  inftruments,  and  kept  it  heated  to  that 
pitch  that  for  5  clays  iucceflively,  in  which  in  1737 
they  obferved  the  paflage  of  Regulus  acrofs  the  me¬ 
ridian,  the  thermometers  indicated  one  and  the  fame 
degree  of  heat.  The  year  after  they  obferved  at 
Paris  the  tranfit  of  Sirius  over  the  meridian.  The 
pendulum-clock,  which  they  ufed  for  the  purpofe, 
flood  in  a  place,  whofe  heat  was  equal  to  that  of  the 
room  at  Pello.  From  comparing  obfervations  they 
found  at  lad,  that  the  pendulum  at  Pello  went  daily, 
that  is,  from  one  tranfit  of  a  fear  through  the  meri¬ 
dian  to  the  following,  about  59  feconds  quicker 
than  at  Paris.  The  latitude  of  Paris ,  or  its  diftance 
from  the  equator,  is  48°  50h  The  pains  that  were 
taken  in  thefe  enquiries  Mauperiuis  deferibes  in  his 
Figure  de  la  terre . 

How  the  French  mathematicians,  fentto  the  equa¬ 
tor  in  1737,  had  found  that  in  Peru  pendulums 
fwing  flower  than  at  Paris ,  Bouguer  relates  in  his 
Figure  de  la  terre. 

§.  337.  The  gravity  may  be  weaker  at  the  equa¬ 
tor  than  at  the  poles  from  a  twofold  caufe :  either 
from  the  earth  being  raifed  at  the  equator,  and 
flat  or  deprefied  at  the  poles  (§.  330)  *,  or  from  its 
motion  about  its  axis  (§.  9 6).  So  that  the  query  is, 
%o  which  of  both  thefe  caufeswe  are  to  aferibe  the  di- 
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minution  of  gravity  at  the  equator  ?  Should  the 
fixed  or  folid  parts  of  the  earth  under  the  equator 
not  be  elevated,  and  thus  not  more  diftant  from  the 
centre  than  the  folid  parts  under  the  poles  *,  the  fea 
under  and  at  the  equator  would  not  remain  within 
its  fhores.  For,  as  the  gravity  is  lefs  under  the  equa¬ 
tor  than  towards  the  poles ;  the  decreafe  of  the  gra¬ 
vity,  in  defedt  of  the  faid  circumftance,  would  arife 
from  the  revolution  of  the  earth.  And  thus  the 
water  would  not  only  have  a  centrifugal  force,  or  a 
conatus  to  remove  from  the  centre,  and  confe- 
quently  from  the  bottom  of  the  fea,  but  alfo  actually 
remove,  on  account  of  its  weak  cohefion  with  the 
bottom. 

§.  338.  But  the  fhores  under  the  equator  are 
higher  than  the  fea.  Confequently  the  fixed  parts 
of  the  earth  under  the  equator  A  B,  fig.  2.  plate  xm. 
are  more  diflant  from  the  centre  C,  than  under  the 
poles  N  and  S.  So  that  the  earth  is  an  oblate  fphe- 
roid,  raifed  under  the  equator  A  C  B,  and  flat  or 
deprefled  under  the  poles.  Its  diameter,  or  the 
right  line,  which  may  be  drawn  through  the  equator 
and  the  centre,  is  greater  than  its  axis  N  C  S,  or  the 
right  line,  which  may  be  drawn  through  both  the 
poles  and  the  centre. 

This  figure  Newton  in  his  Principia.,  book  3.  propofi 
19.  and  Huygens  in  his  difiertation  De  caufa gravitatis? 
have  afcribed  to  the  earth,  on  confidering  the  de¬ 
creafe  of  the  gravity  under  the  equator  and  the  cir¬ 
cular  motion  of  the  earth.  Whereas  in  France  they 

would 
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would  maintain  the  contrary,  and  confequently  they 
deem  the  earth’s  axis  greater  than  the  earth’s  diame¬ 
ter,  bottoming  on  what  the  two  CaJJm  pretended 
to  have  found  by  geometrical  menfu rations.  For, 
according  to  thefe,  the  degrees  of  the  meridian 
fhould  grow  Fill  lefs,  the  nigher  we  approach  the 
north  pole.  And  were  even  this  admitted,  we  could 
not  reject  the  faid  opinion  of  the  French .  For,  were 
the  earth’s  axis  A  a  fig.  n.  plate  n.  greater  than 
its  diameter  B  and  confequently  the  earth  at  the 
poles  A  and  a  tapering,  and  under  the  equator  B  and 
i  prefled  flat ;  the  rounding  at  the  poles  A  and  a 
were  to  be  confidered  as  an  arch  of  a  lefs  circle  *,  and 
the  rounding  at  the  equator  B  and  as  an  arch  of 
a  greater  circle.  But  a  degree  of  a  lefs  circle  is  lefs 
than  a  degree  of  a  greater.  Yet  as  the  decreafe  of 
the  gravity,  which  was  obferved  lafl  century  by 
means  of  pendulums  under  the  equator,  did  not 
agree  with  the  menfurations  of  the  Cajjini  \  the  aca-? 
demy  of  fciences  of  Paris  wanted  to  be  at  a  greater 
degree  of  certainty  in  this  matter.  And  at  the  com¬ 
mand  of  the  prince  now  reigning,  through  the  re- 
prefentations  of  cardinal  Fleury  and  count  Maurepas , 
in  1735  two  learned  companies  were  lent,  one  to 
meafure  a  degree  of  the  meridian  at  the  north  polar 
circle ;  and  the  other,  the  firfb  degree  of  the  meri¬ 
dian  at  the  equator  in  America.  In  the  firfb  were  Mefs. 
Maupertuis ,  Clair aut,  Camus  and  le  Monnier  :  in  the 
fecond,  Mefs.  GWA,  de  la  Cendamine  and  Bouguer.  -The 
reafon,  why  it  was  refolved  to  meafure  two  degrees  of 
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die  meridian  fo  diflant  afunder,  is  eafy  to  imagijie. 
If  the  difference  between  two  near  degrees  is  final], 
it  may  be  deemed  an  error  in  the  menfuration.  But 
if  the  degrees  are  very  diflant  afunder,  their  difference 
pan  be  confidered  as  no  fuch  error.  For,  if  multi¬ 
plied  by  the  number  of  intermediate  degrees  ;  it  is 
eafy  to  fee,  that  it  did  not  arife  from  a  bare  error  in. 
menfuration,  come  a  very  confiderable  quantity  out. 
The  academicians  fent  to  the  north,  found  that  a 
degree  of  the  meridian,  interfe&ing  the  polar  circle, 
meafured  57437  toifes.  A  degree  of  the  meridian 
in  France ,  northwards  from  Amiens  to  Malvoifine , 
according  to  Ficarf  s  determination,  contained  57060 
toifes  only.  So  that  a  degree  of  the  meridian  in 
France  is  37  7  toifes  lefs  than  the  faid  degree  of  the 
meridian  at  the  north  polar  circle.  In  America  the 
academicians  found,  that  the  firfl  degree  of  the  me¬ 
ridian  meafured  56553  toifes.  And  thus  307  toifes 
lefs  than  in  France.  From  this  it  appears,  that  the 
degrees  of  the  meridian  increafe  from  the  equator 
to  the  north  pole.  So  that  the  diameter  of  the 
earth  A  a  is  greater  than  its  axis  B  b9  and 
confequently  the  earth  under  the  equator  raifed,  and 
depreffed  under  the  poles.  For,  if  the  earth  is  flat 
under  the  poles  b  and  B,  fig.  11.  plate  11.  the  round¬ 
ing  there  is  to  be  confidered  as  an  arch  of  a  greater 
circle  and  the  rounding  under  the  equator  A  and  a 
as  an  arch  of  a  lefs.  But  a  degree  of  a  greater  circle 
is  greater  than  a  degree  of  a  lefs. 
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§.  339.  According  to  the  table,  in  which  Mauper* 
tuis  at  the  end  of  his  Elemens  de  geographie  exhibits 
the  degrees  of  longitude  and  latitude  by  calculation, 
the  diameter  of  the  earth  contains  6562480  toifes  ; 
audits  axis,  6525600.  The  firft  number  is  to  the 
fecond,  as  1  78  to  177  nearly.  And  thus  the  earth’s 
axis  is  36880  toifes  lefs  than  its  diameter.  Bouguer 
in  his  Figure  de  la  ter  re ,  p.  298.  in  the  table  calcu¬ 
lated  for  the  degrees  of  latitude  gives  to  the  earth’s 
diameter  6562391  toifes  ^  and  to  its  axis,  6532903  ; 
and  thus  makes  the  laft  only  about  29488  toifes  lefs 
than  the  diameter.  The  firft  number  is  to  the  laft 
as  179  to  178  nearly.  According  to  Newton' s  cal¬ 
culation,  the  earth’s  diameter  is  to  its  axis,  as  230 
to  229  ;  and  according  to  Huygens^  as  578  to  577. 

§.  340.  As  the  figure  of  the  earth  is  elliptical 
(§.  338},  the  lines,  in  which  heavy  bodies  fall  on  the 
furface,  go  not  all  of  them  to  one  and  the  fame  cen¬ 
tre,  or  to  the  earth’s  centre.  For,  the  elliptical  line 
may  be  confidered  as  a  line,  confuting  of  different 
circular  arches,  if  you  fix  on  certain  points,  as 
centres  in  the  greater  and  lefs  axis  of  the  ellipfis. 
Now  fall  a  body  on  this  elliptical  furface  to  what 
point  foever  of  thefe  circular  arches  ;  it  falls  on  the 
line,  which  goes  to  the  centre  of  the  arch.  But  as 
the  centre  of  one  circular  arch  differs  from  that  of 
another  *,  fo  the  line  of  direction  of  a  falling  body 
goes  to  a  different  centre,  when  falling  towards  one 
arch,  from  what  it  does,  when  falling  towards  ano¬ 
ther.  y 


§•  34*< 


Of  SOLID  BODIES. 

§.  341.  But  as  the  difference  of  the  quantity,  by 
which  the  earth’s  diameter  exceeds  the  axis  (§.  3  39)^ 
in  companion  with  the  large  body  of  the  earth,  is 
fomething  inconfiderable  ;  we  may  without  com¬ 
mitting  any  very  great  error,  abide  by  the  common 
and  received  manner  of  fpeaking  j  viz.  that  the 

bodies  above,  on,  and  in  the  earth  feek  to  fall  to- 

) 

wards  its  centre. 

C  II  A  P.  II, 

Of  the  diurnal  Motion  of  the  Earth. 

§.  342.  T  N  order  to  aflign  a  reafon,  wherefore 
JL  bodies  partly  continually  grow  lighter, 
the  nearer  they  come  to  the  equator ,  partly  earth 
and  water  among  themfelves  have  attained  the 
height,  which  has  been  found  out  by  geometrical 
menfurations  (§.  336,  338)  *,  the  motion  of  the 
earth  about  its  axis  is  the  only  one,  by  which  both 
may  be  intelligibly  explained.  Yet  we  are  here  to 
premife,  that  the  matter,  which  now  conftitutes  the 
firm  part,  or  land,  was  once  fluid,  or  at  lead  foft. 
For,  though  by  the  earth’s  circular  motion  not  only 
the  matters  of  the  equator,  but  alfo  of  the  circles, 
lying  parallel  therewith,  are  diminifhed  in  their  gra¬ 
vity  ;  yet  at  the  equator  this  diminution  is  greater 
than  in  any  parallel  circle.  The  reafon  is  thus  :  the 
equator  and  the  parallel  circles  perform  their  revo¬ 
lutions  in  equal  times.  And  therefore  the  revolu¬ 
tion  of  the  equator  is  fo  much  the  quicker,  the 
greater  is  its  circumference  than  that  of  the  parallel 
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circles  (§.  27).  But  the  quicker  the  circular  mo¬ 
tion,  the  intenfer  is  the  centrifugal  force,  and 
the  weaker  the  centripetal  (§.  95),  and  confequently 
the  gravity  (§.  17*  91).  If  it  be  afked,  how  it  has 
happened,  that  the  matter,  which  became  gradually 
firm,  has  by  the  circular  motion  removed  farther 
than  the  water  from  the  centre  ?  the  anfwer  is,  be- 
caufe  it  is  denfer  than  the  water.  So  that,  for  in- 
ftance,  a  cubick  foot  of  fuch  matter  had  more 
weight  than  a  cubick  foot  of  water.  Now  if  two 
unequally  heavy  bodies  with  equal  velocities  move 
about  a  point •,  the  heavier  acquires  a  greater  cen¬ 
trifugal  force,  than  the  lighter  (§.  97), 

§.  343.  We  may  therefore  with  good  grounds 
maintain,  that  the  earth  turns  about  its  axis,  which 
is  what  conftitutes  its  diurnal  motion. 


SECT,  IL 


Of  the  vifible  and  conftituent  Parts 

of  the  Earth. 

CHAP.  II. 

Of  the  ieveral  Species  of  thofe  Parts. 

§.  3:44. np HE  ball  of  the  earth  confifts  of  watei 
and  of  every  fpecies  of  firm  matter 
whofe  connexion  we  in  general  call  the  earth. 
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§.  345.  The  fpecies  ofthefe  firm  matters  are  me¬ 
tals,  (tones,  falts,  fulphur,  and  earth  in  particular  : 
we  call  fulphur  every  thing  that  melts  in  the 
fire,  and  may  be  refolved  into  flame  with  a  (trong- 
fmelling  fume.  Salts  melt  in  the  fire,  and  diffolve  in 
water.  Metals  may  be  fmelted  by  the  force  of 
fire,  and  (tretched  by  the  hammer,  and  drawn  to 
wire.  Take,  for  inftance,  a  cylinder  of  filver, 
weighing  45  marks,  or  half  pounds,  22  inches 
long,  and  15  lines  in  diameter,  and  gild  it  over  with 
leaf-gold,  prepared  by  the  gold-beaters :  for  gilding 
thefe  45  marks,  each  of  which  holds  8  ounces,  we 
never  take  above  6  ounces  of  gold,  many  times  only 
2,  and  oftener  not  much  above  1  ounce.  This  lay  of 
gold,  which  encompaffes  the  lump  of  filver,  is  never 
;hicker  than  the  1 5th  part  of  a  line  ;  nay  often  the 
30th  only,  or  45th,  or  even  the  90th.  You  lengthen 
he  cylinder,  till  only,  or  even  not  once,  fo  thick,  as 
1  hair,  fo  you  draw  it  thro’  different  holes  one  after 
he  other,  and  one  ever  lefs  than  the  other.  The 
s;old,  which  covers  this  piece  of  filver,  ceafes  not  to 
gild  it  {till,  drawn  to  never  fo  aftonifhing  a  length, 
leaumur  weighed  carefully  half  a  dram  of  the  fined: 
bread  or  wire,  and  as  carefully  meafured  its  length, 
nd  found  it  202  feet.  An  ounce  contains  16  half 
^rams.  And  thus  an  ounce  was  3232  feet  long, 
nd  confequently  a  mark,  25856.  Now  the  entire 
finder  weighed  45  marks.  So  that  it  was  drawn 

(it  by  the  wire-drawer  to  a  length  of  1 163520  feet, 
ow  22824  feet  make  a  German  mile.  And  thus 

the 
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the  cylinder  was  changed  to  a  thread  50  German 
miles  in  length.  Such  a  thread  is  flatted  between 
extraordinarily  fmooth  wheels  or  rollers  of  fteel, 
when  it  is  lengthened  (till  about  ~ :  and  thus  to  a 
length  of  57  miles.  Reaumur  fhews  in  the  me* 
moires  of  the  academy  in  the  experiments  and  reflec¬ 
tions  for  the  year  1713,  the  aftonilhing  dudility  of 
feveral  matters ;  as  that  the  thicknefs  of  the  gold,, 
which  lies  on  the  faid  thread,  amounts  not  to  ,  7 
of  a  line,*  even  though  2  ounces  were  ufed  for  the 
o-ildino-.  To  the  characters,  by  which  metals  are 
diftinguifhed  from  each  other,  belongs  in  particulas 
their  fpecifick  gravity^  By  the  hydroflatical  expe¬ 
riments  (§.  71),  the  fpecifick  gravity  of  gold,  lead, 
filver,  copper,  iron  and  tin  to  that  of  airlefs  water,  i: 
as  19636,  1 1345,  10535,  or  11087,  8843,  7852 
7321,  to  1000.  Stones,  on  account  of  their  hard 
neis  and  fragility,  admit  neither  drawing,  nor  ftretch 
ing  by  the  hammer.  Earth  in  particular,  as  the  mat 
ter,  which  is  diftindt  from  all  the  firm  matters  hither 
to  defcribed,  has  the  following  characters.  It  ma 
be  penetrated  by  water,  and  thereby  expanded  int 
a  greater  fpace  ;  and  it  confifls  of  fuch  flexible  part: 
as  to  admit  kneading  and  drav/ing,  and  hence  it  a: 
fumes  all  forms,  that  one  inclines  to  give  it.  The 
properties  Reaumur  difcovered  by  a  variety  of  trial 
His  diflertation  on  the  nature  of  earth  is  in  the  m 
moires  for  the  year  1730.  Fie  caufed  to  grir 
grains  of  fand  fo  fine,  as  earth-dufl  could  nev 
pofiibly  be  more  fo,  and  moiftened  this  fand-du 
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With  water ;  but  could  never  make  a  dough  or  pafte 
of  it,  that  would  admit  kneading,  like  a  dough  of 
earth.  This  earth  is  more  conftant  in  the  fire  than 
gold.  Homberg  by  Df chirnh  auf  erf s  burmng-g'afis 
turned  it  to  glafs,  in  weight  a  tenth  part  only  of  the 
weight  of  gold.  Gold  confifts  of  mercury,  rneiai- 
lick  fulphur  and  earth.  In  the  focus  of  a  burning- 
glafs  gold  fumes  at  firft.  This  happens,  fo  the 
mercury  feparates  from  the  metal  lick  fulphur  by  the 
heat.  The  earth  remains  behind.  With  it  the  me- 
tallick  fulphur  melts,  and  then  it  appears  in  the  form 
of  glafs  ;  which  held  a  long  time  rn  the  focus, 
goes  on  to  fume  and  the  fulphur  evaporates,  and  the 
glafs  turns  to  an  earth,  that  may  be  rubbed,  but  not 
melted  any  more.  The  experiments  are  in  the  me** 
moires  for  the  year  1702. 

$ 

C  H  A  P.  It 

Of  die  Fire  in  the  Earth, 

§.  346.  Y  N  the  bowels  of  the  earth  Is  contained  % 

A  conftant  It  ore  of  fire.  For  the  firft  proof 
of  which,  Mairan ,  in  his  Differ  tat  ion  on  ice ,  P.  1  c.  1 1. 
äftumes  the  fenfation  of  heat  in  deep  pits,  which  con¬ 
tinues  unchanged,  though  the  heat  of  the  air  at  the 
earth’s  furface  does  not.  In  the  pits  of  the  obfervatory 
at  Paris ,  which  yet,  reckoning  from  the  firft  floor, 
are  only  84  feet  deep,  there  is  obferved  in  the 
thermometer  the  whole  year  round  neither  a  remark¬ 
able  riling"  nor  falling,  I11  the  mines,  this  degree 
Vol.IL  C  of 
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of  heat  remains  from  fuch  a  depth  to  one  of  between 
four  and  fix  hundred  feet  regularly  one  and  the 
fame.  After  this,  it  increafes  with  the  depth,  and 
is  fpmetimes  fo  intenfe,  that  the  mine-people 
could  not  hold  out  and  live  therein,  were  they 
not  fupplied  with  fome  cooling  and  frefh  air, 
either  by  air-fhafts,  or  water- falls.  Boyle  confirms 
this  by  remarkable  experiences  in  his  treatife  De  tem¬ 
pern  fubt err ane arum  regionum.  For  a  fecond  proof 
M.  Mairan ,  c.  12.  ufes  the  conftant  fluidity  of  the 
water  at  the  bottom  of  the  fea.  For,  that  it  freezes 
not  thereon,  can  by  no  means  be  afcribed  to  the 
adion  of  the  fun’s  rays,  his  force  not  reaching  above 
i  2  feet  deep  into  the  earth  •,  as  ice-pits  fhew,  in 
which  ice  keeps  at  this  depth.  And  thus  fuppofing 
water  were  io,  or  15,  nay  20  times  more  porous 
than  earth;  tile  heat  of  the  fun  could  ad  at  120, 
or  i8o,  and  at  m'oft  240  feet  deep  through  the  wa¬ 
ter  of  the  fea.  At  a  greater  depth  it  muft  therefore 
have  turned  to  ice.  But  depths  of  two,  three  and 
four  hundred  fathoms  contradid  this.  Laftly,  JVL 
Mairan  appeals  to  the  fire  burfling  out  of  the  fea. 
As  out  of  it  rocks  and  iflands,  all  in  fmoke  and 
flame,  have  at  times  emerged.  An  inftance  to  this 
purpofe  we  had  in  the  year  1707,  of  an  ifland  com- 
ming  forth  out  of  the  Archipelago ..  Of  which  an 
hiftorical  account  may  be  read  in  M.  Morns' s  New 
enquiry  into  the  changes  of  the  earth ,  P.  2.  c.  2.  An 
inftance  as  extraordinary  we  find  in  the  General  hif- 
tory  of  nature ,  T.  1.  P.  2,  art.  17.  p.  282. 
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§.  347.  Fire  arifes  in  the  earth,  when  the  mat« 
ters,  in  which  it  is  contained,  are  refolved  into  parts, 
differing  in  nature.  Among  thefe  are  fulphur,  iron 
and  calcined  (tone,  and  fhells  of  fhails,  oyfters,  Cfc. 
Calcined  matters  are  heated,  when  moiftened  and 
penetrated  by  water.  In  like  manner,  iron  and  ful¬ 
phur  give  a  great  degree  of  heat,  when  mixed  toge¬ 
ther,  and  worked  up  with  water.  The  experiment* 
by  which  Lemery difcövzred  this  effedl,  is  deferibed  ia 
the  memoires  of  the  academy  for  the  year  1700. 

§.  348.  If  the  fire  in  a  place  under  the  earth  ac¬ 
quires,  by  the  quantity  of  the  inflammable  matters* 
a  degree  of  force,  whereby  the  elafticity  of  the  air9 
confined  in  the  contiguous  cavities,  is  heightened ; 
it  either  burfts  through  at  a  place  on  the  furface  of 
the  earth,  and  violently  throws  up  molten  and  un¬ 
molten  matters  promifcuoufly  :  or  caufes  an  earth¬ 
quake,  whereby  certain  parts  of  the  earth’s  furface 
aredhaken  and  forced  upwards.  The  burfling  out  of 
the  fire  may  be  fo  violent,  that  great  weights  of 
earth  and  Hone  may  be  made  to  rife  up,  whereby 
mountains  and  rocks  are  formed.  An  example  to 
this  purpofe  is  the  ifland  mentioned  (§.  346.)  which 
arofe  out  of  the  bottom  of  the  Archipelago  in  1707* 
and  continued  to  increafe  till  1711.  Not  only  a 
thick  fmoke,  which  covered  the  ifland  Sant  or  in  ^ 
arofe,  but  bright  fire  burft  out^  and  burnt  and  glowing 
Hones  were  thrown  into  the  air  with  a  violent  noife 
quite  out  of  fight,  falling  again  into  the  fea  at  the 
diflance  of  forne  miles  off.  if  the  fire^  arifen  in  and 
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under  a  mountain,  has  a  condant  fupply  of  new 
fuel ;  as  partly,  a  quantity  of  the  matters  thrown 
out  falling  back  again  into  the  opening  j  partly,  cer¬ 
tain  pieces  of  the  mountain  tumbling  in  ;  partly,  the 
bowels  of  the  mountain  containing  a  fufficient  flock 
of  inflammable  matters,  the  mountain  continues 
condantly  burning  withinfide;  which  fometimes 
rages  to  a  degree  as  to  belch  out  fire,  when  the  burn¬ 
ing  gets  the  upper  hand.  We  have  a  fhort  hiflory 
of  vulcanos  and  of  the  mod  remarkable  earthquakes 
in  the  General  hiflory  of  nature,  T.  i.  P.  i .  art.  16.  Fire 
only  breaks  forth,  when  at  the  Tides  of  the  place, 
where  it  is  generated,  it  finds  no  cavities,  in  which 
it  may  fpread  and  diffufe  itfelf  along  with  the 
air  heightened  in  elafticity,  and  gains  to  fuch  a  de¬ 
gree  of  violence,  as  the  weight  and  firmnefs  of 
earth,  with  which  it  is  covered,  cannot  refill.  Where¬ 
as  if  the  air,  heated  by  the  fire,  breaks  forth  into  the 
contiguous  cavities  and  veins,  but  clofe,  or  without 
vent,  and  by  a  fhock  comprefles  the  air  contained 
in  them ;  this  air  leeks  a  vent,  and  hereby  ihakes  the 
parts  of  the  earth,  that  cover  this  vein,  or  makes 
them  fly  into  the  air,  fo  the  elafticity  of  the  air  be 
furficiently  intenle. 

§.  349.  The  force  of  the  fire  under  the  earth  and 
in  vulcanos  arifes  from  the  following  caufes.  Fird, 
it  is  ever  more  violent,  the  more  matters  come  gra¬ 
dually  to  be  heated.  The  fiery  flream,  or  lava> 
which  in  1751  and  1752  ran  out  of  Vefuvius  for 
three  months  together,  confifted  of  many  millions 
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of  quintals  of  molten  matters ;  as  may  appear  by 
calculation,  fo  we  afliime  in  general  for  the  length 
of  the  ftream  6000  paces  only,  and  for  the  breadth 
30,  and  depth  1.  What  degree  of  heat  does  not  a 
fingle  quintal  of  melted  metal  ca ft !  How  much 
more  therefore,  when  fo  many  millions  of  quintals 
are  melted  together  !  Secondly,  the  heat  of  melt^ 
ing  and  mutually  burning  matters  is  in  thefe  cavF 
ties  of  the  earth  heightened  hereby,  viz.  that  they 
are  confumed  in  a  fpace,  in  which  they  can  little 
fpread  and  diffufe  themfelves.  Add  to  this,  thirdly, 
the  weight  of  the  upper  earth  incumbent  and  pref- 
fing  on  the  under  ;  fo  that  again  the  fire  of  the  urn 
der  is  reftrained  from  fpreading,  Fourthly,  the 
violence  of  the  fire  increafes  by  the  prefiure, 
with  which  the  confined  air  adts  againfi:  it  by  its  un¬ 
commonly  heightened  elafticity.  By  the  draught  of 
air  through  the  top  of  a  vulcano,  the  adtion  of  the 
internal  is  heightened  rather  than  weakened ;  as 
thereby  coming  into  motion,  whereby  the  fire  is  the 
more  excited,  as  wind-furnaces  confirm, 

§.  350.  That  fand,  {tones  and  other  matters  are 
thrown  out  of  vulcanos  ^  and  in  earthquakes  the 
firmelt  parts  of  the  earth  are  burit  afunder,  is 
accounted  for  from  the  violence  of  the  elaftick  mat¬ 
ters,  that  are  confined  in  the  cavities  of  the  earth, 
and  expanded  by  the  power  of  fire.  Among  thefe 
matters  are  air,  and  feveral  kinds  of  damps  or  va¬ 
pours.  The  air  there  is  partly  that,  which  fills  up 
the  empty  fpaces  of  other  vifible  matters ;  partly 
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that,  which  in  certain  matters,  as  the  nitrous,  is  con¬ 
fined  and  compreffed.  By  experiments  that  were 
made,  it  has  been  found,  that  an  ounce  of  gunpow¬ 
der  blows  up  90  pounds  of  loofe  earth,  and  120  of 
Hone  wall.  We  further  know  from  experience,  that 
the  ftouteft  bladders  do  burfb  by  the  elaftick  force 
of  the  air,  with  which  they  are  filled,  when  the 
air  contained  in  them  is  heated  over  glowing  coals, 
at  fuch  a  diftance  as  not  to  burn  the  bladders.  We 
will  only  fay,  a  cubick  foot  of  included  air  can  by 
its  elafticity,  when  expanded  by  heat,  raife  a  quintal 
weight.  How  many  thoufand  cubick  feet  of  air 
may  be  contained  in  a  large  cavity,  where  a  fubter- 
raneous  fire  is  kindled  ?  How  many  thoufand  quin¬ 
tals  of  matter  may  not  thus  be  raifed  thereby  ?  But 
the  fpring  of  a  cubick  foot  of  confined  air  may  be 
heightened  much  more  by  the  heat  than  we  at  firft 
aftumed.  The  damps  or  vapours  in  the  cavities  of 
the  earth  are  in  like  manner  two-fold.  Some  con- 
fill  of  water ;  feme  of  other  matters,  as  the  nitrous. 

The  elaftick  force  in  the  laft  is  well  known.  But  the 
fir  ft  alfo  becomes  elaftick  by  heat,  and  thereby  ac¬ 
quires  a  far  greater  force  than  gunpowder  (§.  1360 
n.  2.)  Laftly,  melted  metals  fly  about  with  great 
violence,  when  water  flows  in  upon  them. 
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Of  the  Remarkables  of  Mountains. 

.§•  351'  jf^'X  N  the  mountains  it  is  colder  than  in 

the  valleys.  On  the  Alps  and  Pyre¬ 
nees  the  ice  has  not  been  feen  to  melt  from  time  im¬ 
memorial.  M.  Altman  publifhed  in  3  75 1,  an  hiflo- 
rical  and  phyfical  defeription  of  the  ice-mountains 
of  Switzerland ,  In  America  in  the  torrid  Zon,e9  an 
everlafting  fnow  lies  on  the  high  range  of  moun¬ 
tains,  notwithstanding  the  fire  to  be  met  with  in 
their  wombs,  and  at  times  burfting  forth  with  great 
rage;  as  appears  from  the  relation  of  M.  Bouguer 9 
inferted  into  the  memoires  of  the  academy  for 
1744. 

§.  352.  From  this  it  appears,  that  the  rays  of  the 
fun,  at  the  di fiance  from  the  centre  of  the  earth,  at 
which  the  fnow  remains  lying  in  the  mid (l  of  fum- 
mer  on  ranges  of  mountains,  are  fhort  of  the  force 
of  melting  the  fnow;  and  confequently  another  caufe 
befides  muft  concur,  for  a  degree  of  heat  to  arife 
there,  by  which  the  fnow  may  diffolve.  The  ef¬ 
fect  of  the  fubterraneous  fire  is  reftrained  by  the 
hrmnefs  and  denfity  of  the  matters  in  mountains,  as 
to  be  unable  to  reach  the  height  at  which  the  fnow 
lies,  except  when  the  fire  arrives  to  an  extraordinary 
degree  of  force.  Again,  the  air  on  high  mountains 
is  not  fo  rich  in  fire-holding  matters  as  the  air  in  val¬ 
leys.  So  that  in  the  air  on  mountains  there  is  not 
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fo  great  a  quantity  put  into  motion  by  the  rays  of 
the  fun,  as  in  the  air  over  the  lower  furface  of  the 
earth« 

§.  353*  Were  therefore  the  whole  furface  of  the 
earth  fo  firm,  denfe  and  raifed,  as  are  the  mountains  ; 
perpetual  cold  would  prevail  every  where  upon  it, 
fuch  as  we  now  find  on  mountains.  A  degree  of 
cold  jail  fo  great  would  be  continually  found  in 
Germany ,  France  and  Italy,  at  the  height  of  the  air, 
equal  to  that  of  mountains,  did  not  the  warm  va¬ 
pours,  which  rife  out  of  the  earth,  reach  to  the  faid 
height  of  the  air. 

§.  334.  That  thus  the  water  to  be  found  in  the 
air  is  at  times  froze  in  the  hotted  days,  and  fnow 
and  hail  produced  out  of  it,  is  owing  either  to  the 
defedt  of  warm  vapours  from  the  earth,  or  to  the 
acceffion  of  frigorifick  matters,  that  are  driven 
thither  by  the  wind  from  cold  quarters. 

§.  355.  And  thus  we  cannot  hitherto  fay,  how 
near  we  muff  be  to  the  fun,  in  order  to  be  fenfible  of 
fo  great  a  heat  only  from  his  rays,  as  is  that,  in 
which  fnow  cannot  continue  on  the  furface  of  our 
earth. 

§.  356.  At  and  upon  mountains  arefprings,  from 
which  rivers  and  dreams  arife,  that  fupply  the  fea 
in  water.  The  fea  is  never  fuller,  and  fprings  yield 
their  dreams  a  condant  water.  So  that  the  water 
that  has  dowed  out  of  fprings  mud  be  carried  back 
to  them  again.  Only  it  is  difficult  to  difeover  the 
way,  in  which  it  may  happen.  Defcartes  in  his 
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Principia ,  P.4.  §.  64.  holds,  that  the  water  in  the  earth 
is  by  its  internal  heat  reioived  into  vapour,  which  in 
the  earth  mount  from  one  height  to  another,  and 
at  length  reach  to  the  mountains,  and  are  there  con- 
denfed  and  changed  into  drops  by  the  cold  ;  which 
then  collect  in  the  cavities  of  the  mountains,  and 
on  their  quantity  being  increafed,  by  their  own 
weight  feek  an  outlet.  Several  circumftances  favour 
this  opinion.  In  the  depths  of  the  earth  there  is 
actually  a  quantity  of  water.  Nor  can  we  deny, 
that  the  water  on  the  bottom  of  the  fea  diflributes  it» 
felt  through  the  intermediate  fpaces  of  the  earth. 
Large  damps  or  vapours  have  been  found  in  mines, 
and  that  the  fprings  there  have  been  drained  of  their 
water,  on  the  damps  having  found  a  free  outlet.  The 
like  Perrault  relates  in  his  treatife  Be  V origins  des 
fontaines ,  from  the  account  given  by  a  jefuit  of  the 
mountain  Odmiloofl  in  S 'clavonia.  As  tones,  and 
fomc  of  them  very  large,  were  dug  up  on  the  top  of 
the  mountain  to  the  depth  of  ten  feet  in  the  earth, 
there  were  found  intire  layers  of  tone,  like  a  bed¬ 
ding,  one  over  the  other.  As  foon  as  they  were 
taken  out,  below,  thro*  the  vents  or  fiflures  of  the 
bottom,  a  damp,  like  a  itrong  miff,  burft  forth 
with  great  rapidity,  which  continued  for  13  days 
together.  Scarce  were  24  days  at  an  end,  when  the 
fprings,  which  were  below  round  about  the  moun¬ 
tain,  and  watered  the  adjoining  meadows,  gave  forth 
no  more  water,  and  therefore  the  grafs  and  herbs 
were  withered  up.  He  gives  another  inflance  from 
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pants  about  Paris ,  where  the  evaporation,  by  open¬ 
ing  a  Hone  quarry,  deprived  the  fprings  of  their 
water.  And  thus  the  opinion  of  Defcartes  claims 
our  aifent.  But  there  is  a  difficulty  attends  it,  viz. 
that  fea-water  is  faline,  and  fpring-water  not  fo. 
Whither  then  goes  the  fait,  on  the  fea-water  coming 
to  be  diftributed  through  the  earth  ?  Some  fait  it 
will  doubtlefs  leave  behind  in  the  fubterraneous 
veins,  as  earth  and  fand  take  fait.  But  would  not 
the  fait  be  gradually  fo  increaled  by  the  conftant 
flow  of  fait  water  into  the  veins,  that  the  following 
water  could  not  be  freed  of  its  fait  ?  How  then 
fnould  fpring-water  continue  ftill  fweet  ?  And 
hence  Perrault ,  1.  c.  and  Mariotte  in  his  Praite  du  mou - 
*vement  des  eaux>  P.  i.  difcourfe  i.  affigned  the  rife 
of  fprings  and  rivers  to  the  rain*  They  fuppofed 
the  rain  to  fink  fo  deep  into  the  earth,  till  it  meets 
with  tophus  or  fand-fttone,  or  with  clay,  by  which 
it  is  retrained  from  finking  further  ;  and  that  the 
rain-water  flows  on  this  bottom  to  the  fide  where  it 
Hopes,  till  it  finds  an  outlet  under  the  earth.  Ma¬ 
rkt  te  by  a  peculiar  examination  of  rain  and  fnow- 
water,  falling  the  year  round  on  a  particular  fpot 
of  land,  that  gives  water  to  a  river,  the  Seine,  for 
inftance,  found,  that  there  is  much  more  of  it  than 
is  necefiary  to  maintain  the  river  at  its  mean  Hate  a 
whole  year  round.  And  hereby  Mariotte  has  gained 
his  opinion  no  inconfiderable  preference.  But  M.  de 
la  Hire  in  his  refleblions  on  rain-water  and  the  rife 
of  fprings,  in  the  memoires  for  1703,  has  fhewn 
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1  by  many  obfervations  and  experiments,  that  the  rain 
and  fnoW' water  finks  not  above  1 6  inches  deep  into 
j  the  earth,  though  it  had  no  herbs  or  grabs  to  feed  : 

|  and  when  grabs  and  herbs  (land  on  the  earth,  reaches 
j  not  to  feed  them.  Yet  we  are  here  to  confider,  that 
4  mountains  contain  more  bandy  and  honey  matters# 
j  and  confequently  take  not  in  the  water,  as  the  earth 
|  does,  on  which  de  la  Hire  made  his  trials.  And 
thus  we  cannot  deny  fprings  all  bupply  from  the 
|  rain  and  fnow- water.  But  neither  can  we  deny  ,  but 
a  quantity  of  water  forces  into  the  earth  downwards 
!  and  fideways  immediately  from  the  fea.  And  as 
perhaps  the  fait  of  the  pervading  fea-water  is  as 
fubtlely  refolved  by  the  fubterraneous  heat,  as  the 
water  itfelf  ^  fo  alfo  fprings  may  be  enriched  with 
water  from  the  depths  of  the  earth.  And  thus  we 
are  to  feek  for  the  rife  of  fprings  as  well  in  as  with¬ 
out  the  earth.  To  the  query,  whether  fprings  have 
more  water  from  the  air  than  from  the  earth  ?  we 
fhould.  be  able  to  give  a  decifive  anfwer,  could  an 
accurate  calculation  be  made,  what  quantity  of  wa¬ 
ter  evaporated  yearly  from  feas  and  rivers,  and  what 
quantity  yearly  was  carried  back  into  the  fea. 

§.  357.  In  Europe  and  America  there  are  moun¬ 
tains,  upon  and  in  which  bodies  lie,  fimilar  to  thofe 
generated  in  the  fea,  as  fea- animals  and  fea-plants». 
The  query  is,  how  they  came  thither  ?  Has  it  ever 
happened  that  the  fea  formerly  flood,  by  the  Hated 
courfe  of  nature,  quite  round  the  earth’s  furface  fo 
high,  as  are  now  the  higheft  mountains  ?  This 
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cannot  be.  For,  whence  fhouid  this  quantity  of 
water  come  ?  Have  animals  and  plants  in  a  gene¬ 
ral  deluge  happened  to  have  .either  freely  gone  up 
the  higheft  mountains  out  of  the  fea.,  or  to  have  been 
Forced  up  along  with  the  water  by  the  violence  of 
the  wind  ?  Neither  the  firft  nor  the  lafc  has  any 
probability.  Sea-animals  feek  the  depths,  when  the 
fea  is  boifterous.  Not  only  fea-fifh,  but  alfo  fuch 
animals  as  lodge  in  fhelis,  and  remove  but  little 
from  the  place  of  their  origin,  are  found  on  moun¬ 
tains.  The  moft  violent  winds  at  this  day  reach  to 
between  12  and  14  feet  deep  into  the  fea.  And  thus 
how  could  they  poffibly,  at  the  time  of  a  gc  al 
deluge,  carry  along  with  them  all  manner  o;  fhell- 
fifh  and  plants  from  the  bottom  of  the  fea?  And 
thus,  we  have  good  reafon  with  M.  Morus  in  his  New. 
enquiry  into  the  alterations  that  have  happened  in  the 
earth ,  F.  2.  c.  6.  to  hold,  that  the  mountains  at  this 
day  in  which  marine  bodies  are  lodged,  were  for? 
merly  the  bottom  of  the  fea,  and  along  with 
them  railed  by  an  earthquake  above  the  fea.  A 
modern  and  undeniable  inltance  of  fuch  a  rifing,  the 
ifland  in  the  Archipelago  affords,  of  which  mention 
was  made  (§.  348.) 
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CHAP.  IV. 

Of  the  Motions  of  the  Water. 

§.  358.  HE  fprings  of  rivers  on  the  earth’s 
JL  furface  are  more  diftant  from  the  cen¬ 
tre  of  the  earth  than  the  bottom  of  the  bed  of  the 
river,  in  which  the  river  continues  its  courfe,  and 
the  fea,  into  which  they  at  iaft  fall.  The  more 
therefore  the  declivity  or  Hope  of  the  bed  of  a  river, 
or  its  approach  to  the  earth’s  centre,  increafes,  the 
more  the  velocity  of  a  river  or  ftream  increafes 

(§■  33*)  • 

§.  359.  In  order  therefore  to  compare  together 
either  the  increafmg  velocities  of  a  Angle  ftream,  or 
the  different  velocities  of  two  ftreams  ;  we  are  in 
the  firft  cafe  to  find  the  ’ncreafing  declivity,  and  in 
the  fecond,  the  different  declivities,  and  from  thefe  to 
extradl  the  fquare  roots.  For,  each  declivity  is  to  be 
confidered  as  a  fpace,  through  which  the  water  falls. 
And  thus  the  greater  the  declivity,  the  greater  the 
fpace  of  the  fall.  But  the  velocities  of  falling  bo¬ 
dies  in  different  fpaces,  are  to  each  other  as  their 
fquare  roots  (§.  35.) 

§.  360.  The  run  or  courfe  of  a  ftream  is  alfo  ac¬ 
celerated  by  the  preflure,  which  the  under  water 
fuffers  from  the  upper.  Give  the  bottom  of  a  vef- 
fel,  which  is  full  of  water,  a  determinate  aperture, 
and  mark  the  time,  in  which  it  is  emptied.  Cali 
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the  height  of  the  veffel  i.  Then  flick  a  pipe  in  the 
aperture  of  the  veffel,  of  a  width  with  the  aperture, 
and  of  a  length,  on  adding  the  height  of  the  veffel, 
4  times  the  height  of  the  veffel.  Stop  the  pipe  be¬ 
low  with  cork,  and  fill  veffel  and  pipe  full  of  water. 
And  then  drawing  out  the  cork  flopple,  the  time,  in 
which  the  veffel  is  now  emptied,  to  that,  in  which  it 
was  emptied  before,  is  as  \  to  i.  The  reafon  of  this 
is  eafy.  When  the  veffel  without  the  faid  pipe  is  full 
of  water,  the  water  at  the  aperture  of  the  veffel  is  pref- 
fed  by  the  upper.  This  preifure  is  i ,  as  the  entire  vef¬ 
fel  is  confidered  as  t .  But  flicking  the  pipe  in  the 
veffel,  the  entire  water  below  in  the  pipe  undergoes 
a  preffure,  which  is  to  the  former,  as  4  to  1.  Fell 
the  water,  which  fhoots  out  of  the  aperture  of  the 
veffel  the  moment  the  flopple  is  drawn,  from  above 
down  into  the  aperture  ;  this  wTould  happen  by  the 
preffure  of  gravity,  which  is  to  be  confidered  as  1. 
Fell  the  wTater,  which  below  fhoots  out  of  the  pipe, 
on  pulling  out  the  flopple,  from  the  height  of  the 
veffel  to  the  undermoil  aperture  of  the  pipe  ;  this 
would  happen  by  the  preffure  of  gravity,  which 
would  be  to  the  other,  as  4  to  1.  And  as  thus  the 
water  fhoots  out  of  the  aperture  of  the  veffel,  and 
out  of  the  aperture  of  the  pipe,  hereby,  viz.  that  it  is 
preffed  by  the  upper  •,  fo  this  happens  with  a  force, 
which  is  equivalent  to  the  force  of  its  fall.  But  the 
velocities  of  a  falling  body  in  different  fpaces  are  to 
each  other,  as  their  fquare  roots  (§.35.;  Now  as 
the  fquare  root  of  1  is  =  1,  and  of  4  =  2  3  fo  the 

run 
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run  of  the  water  out  of  the  pipe  ftuck  in  is  twice  as 
quick,  as  out  of  the  bare  veffel.  Were  therefore  the 
time  of  efflux  out  of  the  bare  veffel  one  minute  ;  the 
time  of  the  efflux  out  of  the  pipe  ftuck  in  would  be 
|  minute»  And  thus  the  higher  the  water  ftands  in 
a  ftream,  the  greater  the  velocity  of  the  water  at  the 
bottom.  And  hence  the  velocity  of  the  lower  part 
of  a  river  increafes  inftantly,  when  a  number  of 
fhips  come  at  once  upon  it,  though  the  velocity  of 
the  upper  is  reft  rained.  When  rivers  are  about  to 
run  high,  fe a- faring  people  difcover  it  by  the  increa- 
fmg  velocity  of  the  under  water.  They  commonly 
fay,  the  river  moves  at  bottom .  M.  Buff  on,  who  has 
made  this  remark  in  his  General  hifiory  of  nature , 
T.  i.P.  i.  art.  io.  reckons  among  the  fwifteft  rivers 
the  I iger,  the  Indus,  the  Danube ,  the  Irtifio  in  Si¬ 
beria,  and  the  Malmiftra  in  Cilicia . 

§.361.  And  thus  decreafe  continually  the  decli¬ 
vity  of  a  ftream  the  nearer  it  comes  to  its  difcharge 
into  the  fea,  yet  its  velocity  may  increafe,  as  in  its 
courfe  it  is  continually  fwallowing  up  other  rivers 
and  brooks,  whereby  its  weight  of  water  is  in- 
creafed. 

§.  362.  When  the  run  of  a  river  turns  quicker,  as 
when  for  inftance,  it  fwells,  the  middle  of  the  ftream 
rifes.  M.  Hupeau ,  a  man  very  knowing  in  bridge 
and  dam  building,  has  told  M.  Buff  on ,  he  once 
found,  on  meafuring  the  different  heights  of  the 
water  in  the  river  Aveiron  at  the  banks  and  in  the 

middle,  that  the  water  in  the  middle  was  three  feet 

higher 


higher  than  at  the  banks  or  fides.  The  reafon  is,  as 
in  the  middle  is  the  ftrongeft  draught,  and  its  ve¬ 
locity  diminifhes  the  effed  of  gravity  Whereas 
the  water  of  a  ftream  is  higher  at  the  Tides  than  in 
the  middle,  on  the  hood  of  the  lea  forcing  into  it. 
For,  the  middle  draught  runs  tumbling  into  the  fea, 
as  being  ftrongeft.  So  that  the  flooding  fea  forces 
in  at  the  Tides,  and  thus  gives  the  water  there  an 
elevation. 

§.  363.  The  ocean,  whofe  continuity  reaches  quite 
round  the  earth  (§.  329.)  has  a  conftant  motion,  by 
which  it  alternately  fwells  and  falls.  That  called 
flood ,  this  ebb.  The  ftate,  in  which  the  fea  is,  when 
no  longer  rifing,  is  called  high  or  full  fea  ;  and  its 
ftate  when  no  longer  falling,  low  fea  or  water. 
Ebb  and  flood  regulate  them fe Ives  by  the  pofttion  of 
the  moon  and  fun  with  refped  to  the  earth.  The 
furface  of  the  fea  at  Z,  fig.  2.  plate  vm.  over  which 
the  rnoon  ftands,  rifes  towards  her.  The  furface  of 
the  contiguous  parts  in  like  manner  rifes  towards 
H  and  R,  but  in  a  lefs  mealure.  And  rife  the  fur¬ 
face,  the  water  under  it  quite  to  the  bottom  muft  in 
like  manner  rife.  And  thus  the  diftant  and  adjoin¬ 
ing  fea-water,  on  which  the  caufe  of  the  flood  ads 

\ 

not,  muft  flow  in  to  what  is  fwelled.  At  thefe  diftant 
places  there  thus  arifes  in  the  time,  in  which  the 
water  under  the  moon  fwells,  an  ebb.  If  the  pofi- 
tion  of  the  moon  fhifts ;  the  water  finks  and  falls 
again  towards  the  parts,  which  it  had  before  left. 
And  thus  at  thefe  places  it  is  flood,  and  at  the  place, 

from 
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from  which  the  rifen  water  falls,  ebb.  If  the  moon 
is  at  the  antipodes  in  the  meridian  over  N  ;  the  fea 
rifes  not  only  with  them  in  N  towards  the  moon, 
but  alfo  in  the  part  Z,  from  which  it  is  diftant  a  fe- 
micircle  of  the  heavens*  And  hence  we  obferve  at 
the  fhores  in  the  fpace  of  24  hours  twice  ebb  and 
flood.  On  the  open  fea  the  flood  begins,  fo  foon 
as  the  moon  reaches  the  fix  hour  circle  over  R,  and 
lafls  till  it  comes  to  the  meridian  o^er  Z.  When 
from  this  laft  it  turns  to  the  weft  H,  the  water 
again  decreafes,  till  the  moon  reach  the  fix  hour 
circle  in  the  weft  part  of  the  earth.  So  foon  as  it 
quits  this,  and  approaches  the  meridian  at  the  anti¬ 
podes  over  N,  the  water  at  Z  begins  again  to  grow. 
This  fecond  flood  lafls,  till  the  moon  reaches  the 
meridian  at  the  antipodes.  Which  fo  foon  as  it 
leaves,  and  again  comes  near  to  the  fix  hour  circle 
in  the  eaftern  horizon  over  R,  the  water  at  Z  begins 
again  to  fall.  And  this  ebb  continues  till  the  moon 
has  reached  the  eaftern  horizon.  Each  flood  and 
each  ebb  lafls  for  about  fix  hours.  Newton  in  his 
Principiay  lib.  3.  propof.  24.  fays,  that  the  greateft 
height  of  the  growing  water  in  deep  and  open  feas 
follows  the  coming  of  the  moon  and  fun  to  the  me¬ 
ridian  in  a  fpace  lefs  than  fix  hours  *,  as  has  been 
obferved  on  the  whole  eaftern  extent  of  the  Allantick 
and  Ethiopick  oceans  between  France  and  the  cape 
of  Good  Hope ,  and  on  the  Pacifick  ocean  on  the  coafts 
of  Chili  and  Peru  \  and  that  on  all  thefe  coafts  the 
Vol.  II.  13  flood 
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flood  happens  in  about  the  third  hour  after  the  moon 
or  fun  is  come  to  the  meridian,  as  well  above,  as 
under  the  horizon  ;  except  when  the  motion  is 
fomewhat  reftrained  in  certain  fhallow  places.  The 
moon  rifes  every  day  three  quarters  of  an  hour  later 
than  the  loregoing  day  :  and  by  fo  much  too  flood 
and  ebb  happen  later.  The  younger  CaJJini  has 
found  by  obfervations  made  on  ebb  and  flood,  that 
the  flood  is  regulated  as  well  by  the  diftance  of  the 
moon  from  the  earth,  as  alfo  by  her  declination,  or 
diflance  from  the  equator.  The  flood  is  greater, 
when  the  moon  is  nearer  the  earth,  than  when  far¬ 
ther  from  it.  When  the  declination  increafes,  the 
flood  decreafes.  Alfo  the  greatnefs  of  the  flood  is 
different  in  the  different  diftances  of  the  fun  from 
the  earth,  and  his  different  declinations  or  devia¬ 
tions  from  the  equator.  About  the  beginning  of 
fpring  and  harveft  the  flood  is  greater  than  at  the 
beginning  of  furnmer  and  winter.  If  then  the  moon 
is  new,  and  appears  in  the  fame  part  of  the  heavens 
with  the  fun  \  or  if  full  and  diftant  from  the  fun 
1 80  degrees*,  the  flood  is  greater  than  when  both 
have  no  fuch  pofltion  to  each  other.  For  inftance, 
before  the  mouth  of  the  river  Avon,  three  Englifo 
miles  below  Rrifiol ,  the  flood  in  the  fpring  and  har- 
veft  at  new  and  lull  rifes  45  feet,  and  at  the  quar¬ 
ters  25  feet  only,  as  Newton  mentions  lib.  3.  propof. 

37.  In  the  harbour  of  Plymouth  the  mean  height 

*» 

of  the  flood  is  about  16  feet :  and  in  the  fpring  and 

harveft 
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harveft  when  fan  and  moon  are  in  conjun&ion,  it 
exceeds  the  height  at  the  quarters  by  between  7  and 
8  feet. 

M.  Be  la  Condamine  in  his  voyage  on  the  river 
Amazon  between  Macapa  and  the  north  cape  in 
Guiana ,  in  the  part  where  the  principal  channel  of 
the  ilream,  on  account  of  its  many  idands,  is  nar¬ 
rowed,  and  efpecially  over  againd  the  great  mouth 

✓ 

of  the  Arawary ,  which  falls  on  the  north  fide  into 
the  Amazon ,  has  remarked  a  circumdance,  which  is 
peculiar.  In  the  three  days  next  the  full  and  new 
moon,  and  when  the  dood  runs  highed,  the  fea 
reaches  its  height  in  one  or  two  minutes  time  ; 
whereas  otherwife  it  takes  fix  hours  nearly.  At  the 
didance  of  a  mile  or  two  a  dreadful  roaring  is  heard, 
by  which  the  dood  is  announced.  The  nearer  it  ap¬ 
proaches,  the  greater  the  roaring.  And  foon  after 
a  ridge  or  mountain  of  water  is  feen  between  12  and 
15  feet  high,  then  a  fecond,  a  third,  and  fometimes 
a  fourth,  coming  on  with  great  rapidity,  one  upon 
the  back  of  another,  which  take  up  the  whole 
breadth  of  the  channel,  Thefe  waves  come  on  with 
amazing  quicknefs,  and  fweep  along  with  them 
every  thing  that  dands  in  their  way. 

The  changes,  that  happen  in  the  diredlion,  extent 
and  time  of  the  ebb  and  dood,  arife  from  the  winds, 
the  rivers  and  other  circumdances,  which  are  to  be 
fought  for  partly  in  the  fea,  partly  in  the  drm  land. 

§.  364.  The  ocean  condantly  moves  from  ead  to 
wed.  According  to  Varenius  in  his  Geographia  ge¬ 
ll  2  neralis , 
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nerahs ,  lib.  1.  c.  14..  prop.  7.  This  motion  is  uncom* 
monly  violent  in  the  Magellanick  ftraits,  in  the  gulf 
of  Papa  and  in  the  fea  of  Canada.  The  Atlantick 
ocean  flows  towards,  and  the  Pacifick  ocean  from 
America.  From  Japan  it  flows  towards  China . 
And  the  Indian  ocean  runs  to  weftward  in  the  fbraits 
of  Java^  and  thro’  the  narrow  guts  of  the  other  In¬ 
dian  iflands.  Among  the  caufes  of  this  motion  we 
may  reckon  the  conltant  eaflerly  breeze  on  the  fea 
under  the  line  (§.  383.)  efpecialiy  as  by  the  conjec¬ 
ture  of  the  author  of  the  Recherche s  phyfiques  &  ma- 
thematiques  fur  la  theorie  de  vents  regies ,  fujet  propose 
par  Pacademie  des  fciences  de  Pruffe ,  for  the  year 
1746.  (§.  12.)  it  fliould  be  fo  ftrong,  as  in  two  years 
to  carry  round  the  earth  a  well  equipped  fhip,fo  fhe 
met  with  no  impediments  in  her  courfe.  The  other 
caufe  of  the  inceflant  motion  of  the  fea  weftwards, 
may  be  the  force,  which  the  flood  produces.  For, 
this  flood  goes  from  eaft  to  weft.  Alfo  the  motion 
v/eft wards  at  the  time  of  flood,  is  much  ftronger 
than  at  the  time  of  ebb. 

§.  365.  As  the  uninterrupted  motion  of  the  ocean 
from  and  to  the  fame  quarter,  arifes  in  the  manner 
of  a  ftream  or  current,  it  may  be  called  a  fea-cur- 
rent.  Befldes  this  general  fea- current,  we  And  at 
fea  feveral  other  currents,  mentioned  by  Varenius , 
1.  c.  prop.  23 — 30.  For  inftance,  in  the  Atlantick 
ocean  on  the  coaft  of  Guinea ,  the  water  moves  from 
weft  to  eaft,  flowing  from  cape  Verde  to  the  bay  of 
Ferdinands  Pao  with  fuch  violence,  as  that  fhips 

may 
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may  come  in  two  days  from  Moure  to  Rio  de  Benin , 
a  courfe  of  150  leagues,  whereas  in  returning  back 
they  take  fix  or  feven  weeks.  At  Sumatra  the  lea 
runs  from  fouth  to  north  into  the  bay  of  Bengal 
The  caufes  of  thefe  currents  are  (till  more  unknown 
than  the  caufes  of  the  inceflant  current  from  eaft  to 
weft. 

§.  366.  A  fluid  matter  whirls  round  when  mov¬ 
ing  in  a  curve  line  about  a  point.  To  this  two 
forces  concur  :  one  to  impel  the  fluid  from  a  point 
of  the  circumference,  as  for  inftance,  from  A  to  the 
centre  C,  fig.  8.  plate  11.  and  the  other  from  A  to 
the  point  D  along  the  line  A  D  (§.  100.) 

§.  367.  A  whirlpool  therefore  arifes,  when  a  ft  ream 
ftrikes  againft  a  refilling  matter,  or  obftacle  ;  which 
fuppofe  to  be  at  A,  and  the  ftroke  to  happen  in 
the  line  C  A,  fig.  8.  plate  11.  As  A  is  a'n  obftacle  ; 
the  impinging  water  will  be  repelled  back  to  C,  as 
a  centre,  in  the  line  A  C,  and  thus  acquire  a  centri¬ 
petal  force.  But  as  moreover  the  water  impinging 
on  A  is  fluid,  it  will  be  feparated,  and  impelled  Tide¬ 
ways  to  D,  for  inftance  *,  and  hereby  it  gains  a  cen¬ 
trifugal  force.  And  thus  by  both  forces  it  begins 
to  defcribe  a  curve  line,  which  is  To  long  renewed, 
as  the  following  water  flows  on  to  C  A.  Come  the 
water  impelled  in  the  curve  line  A  E  to  E,  it  has  a 
conatus  to  proceed  in  a  right  line  from  E  f§.  ic.) 
whereas  by  the  refiftance  of  the  contiguous  water  it 
is  impelled  in  the  line  E  C  to  the  centre  C  *,  To  that 
it  muft  take  its  courfe  in  the  curve  line  E  L.  In 

D  3  this 
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this  manner  it  comes  into  a  circular  motion.  The 
refilling  matter  may  be  either  any  firm  and  im¬ 
moveable  thing,  as  a  wall,  a  fhore,  for  inftance;  or 
a  water  at  reft  and  confined  ;  or  a  contrary  current 
of  water.  And  hence  whirling  circles  arife  in  the 
water,  when  in  its  courfe  .acting  againft  the  flooding 
fea-water.  In  like  manner  at  bridges  whirling  mo¬ 
tions  arife,  on  the  ftreaming  water  being  reflected 
/ 

back  from  the  piers.  And  fo  the  Auflrian  whirl¬ 
pool  in  the  Danube  takes  its  rife  at  the  diftance  of 
half  an  hour  below  Grein ,  where  the  water  there 
ftnkes  againft  a  huge  rock.  The  author  of  the 
Refear ches  into  the  jea ,  publifhed  in  1750,  in  P,  2. 
refearch  3.  p.  195 — 215.  gives  an  account  of  the 
peculiar  nature  of  this  whirlpool  in  the  Danube ,  and 
refutes  the  erroneous  opinion  commonly  entertained  ; 
as  if  in  that  part  of  it  a  portion  of  the  water  of  the 
Danube  funk  thro5  a  fwailow  or  abyfs  down  to  fu fa- 
terraneous  depths  below.  In  the  fame  w'riting,  re¬ 
fearch  3.  p.  137  — 156.  we  have  a  circumftmtial 

defer iption  of  Charybdis  near  Sicily  y  and  of  the  Mael¬ 
strom  near  Norway. 

* 

§.  368.  The  furface  of  a  whirlpool  is  deeper  to¬ 
wards  the  middle  than  towards  its  outfide,  the  water 
rifing  towards  the  outfide  by  the  acquired  force, 
whereby  it  tends  to  recede  from  the  centre.  Come 
therefore  a  body,  which  is  lighter  than  the  water,  in¬ 
to  its  whirl ;  it  will  be  impelled  to  the  middle  by  a 
two-fold  caufe  firft,  by  its  gravity,  on  account  of  the 
declivity  of  the  water  ;  fecondly,  by  its  centrifugal 

force. 
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force,  as  being  lefs  than  that  of  the  water  ;  as  having 
a  Jefs  weight  than  the  water,  on  which  it  floats  (§.97.) 
M.  Saulmon  has  illuflrated  this  by  a  variety  of  trials 
made  with  bodies,  funk  into  a  whirl,  and  defcribed 
in  the  memoires  of  the  academy  of  fciences  for  the 
year  1714. 


SECT.  III. 

Of  the  Earth’s  Atmoiphere. 

§.  369. H  E  air  encompafling  the  earth,  in 
A  which  as  well  particles  of  water,  as 
other  matters  float,  is  called  its  atmofphere. 

CHAP.  I. 

Of  the  Connexion  of  the  Air  with  the 

Earth. 

§.  370.  \  S  air  is  lighter  than  water  (§.  115. 

jljL  and  67.)  we  might  be  apt  to  imagine, 
for  the  very  fame  reafon,  for  which  the  water, 
by  the  earth’s  circular  motion,  is  nearer  its 
centre  than  the  folid  earth  (§.  342.)  that  the  air 
ihould  be  nigher  it  than  the  water.  And  thus  it 
remains  to  enquire,  why  the  air  is,  notwithftanding* 
raifed  far  above  the  water  and  folid  earth.  Were  it  not 

D  4  elaftick. 
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elaftick,  it  would  come  to  lodge  both  in  the  earth 
and  under  the  water.  The  elafticity  of  a  cubick 
foot  of  air  is  far  more  intenfe  than  its  gravity  (§.  1 17 
— -119.)  And  as  thus  the  air,  on  account  of  its  fpe- 
cifick  levity,  fhould  be  nigher  the  earth’s  centre  than 
the  water ;  fo  on  the  contrary  it  is  fo  expanded  by 
its  elafticity,  as  to  fill  not  only  earth  and  water,  but 
alfo  extend  itfelf  far  above  them  in  the  heavenly 
fpace. 

§.  371.  By  its  gravity  the  atmofpnere  conftitutes 
a  part  of  the  earth,  and  thus  turns  round  with  it 
about  its  axis.  For,  the  very  fame  caufe,  that  gives 
the  earth  its  circular  motion,  a£ts  alfo  on  the  atmo- 
fphere. 

§.  372.  By  this  motion,  under  the  equator,  its 
decreafe  of  gravity  is  greater  than  towards  and  un- 
der  the  poles.  It  muff  therefore  ftand  higher  above 
the  equator  than  above  the  poles. 

CHAP  II. 

Of  the  Degrees  of  Heat  and  Cold  in  the  At¬ 
mosphere. 

§•  373*  r~]P  ^  £  degree  of  heat,  which  we  perceive 
JL  in  the  atmofphere,  arifes  from  two 
caufes :  from  the  fubterraneous  fire,  which  extends 
its  effedt  through  the  earth’s  furface ;  and  from  the 
fire,  which  is  contained  in  the  atmofpherical  mat¬ 
ters,  and  put  into  motion  by  the  rays  of  the  fun. 
For,  from  the  defedt  of  this  two-fold  fire,  which 
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happens  on  high  mountains,  arifes  there  the  degree 
of  cold,  which  even  in  fümmer  is  not  diminifhed. 

(§•  351’  feq.) 

The  degree  of  heat  of  the  atmofphere  at  the  earth 
is  therefore  to  be  confidered  as  a  whole,  confiding 
of  two  parts ;  the  one  having  its  rife  from  the  fub- 
terraneous  fire,  and  as  being  fo  me  what  condant,  M. 
Mairan  calls  th z  ground-heat.  The  other  part,  ex¬ 
cited  by  the  fun’s  rays  in  the  atmofphericai  matters, 
we  may  call  the  filar  heat.  I  he  whole  degree  of  heat, 
arifing  from  the  ground  and  folar  heat  together,  we 
may  call  the  integral  heat  of  the  atmofphere.  This 
heat,  by  the  dated  courfe  of  nature,  is  greater  on  the 
longed  than  on  the  fhorted  day.  By  Amant ons\ 
obfervations  and  experiments,  in  the  latitude  of 
Paris ,  that  is,  its  didance  from  the  equator,  the  in¬ 
tegral  heat  on  the  noon  of  the  longed  day,  to  the 
cold  in  the  fhorted,  is  as  60  to  51  ~,  or  as  8  to  7 
nearly.  His  differtation  thereon,  and  the  defcrip- 
tion  of  the  thermometer  he  ufed  for  the  purpofe, 
are  contained  in  the  memoires  of  the  academy  of 
fciences  for  the  year  1702.  On  the  contrary,  M. 
Mairan  in  the  memoires  for  the  year  1719,  in  his 
differtation  on  the  general  caufe  of  the  cold  in 
winter,  and  the  heat  in  dimmer,  fhews  that  the  fun’s 
heat  on  the  longed  day  to  the  fun’s  heat  on  the 
fhorted,  in  the  latitude  of  Paris ,  is  as  66  to  1.  From 
this  he  concludes,  that  the  condant  dock  of  heat,  or 
the  ground -heat,  in  the  latitude  of  Parisy  is  393 
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times  as  great,  as  the  degree  of  heat  on  the  fhorteft 
day,  arifing  from  the  fun  only. 

The  proof  of  the  ratio  of  66  to  i  confifts  of  the 
following  particulars :  The  times,  confidered  in  the 
faid  ratio,  are  two  inftants  ^  the  one  at  noon  in 
the  fummer  folftice,  and  the  other  at  noon  n  the 
winter  folftice.  In  both  folftices  the  rays  of  the  fun, 
falling  on  a  plane,  make  therewith  an  oblique 
angle*,  which  on  the  fhorteft  day  is  more  oblique 
than  on  the  longeft.  Suppofe  the  oblique  angle  on 
the  longeft  day  to  be  A  H  R,  fig  9.  plate  xiv.  and 
that  on  the  fhorteft  B  H  R.  Both  angles  are  to  be 
confidered,  in  order  to  find  the  difference  of  heat  in 
both  the  folftices.  For,  the  rays  of  the  fun  a6t  oil 
the  earth’s  furface  as  impinging  lines  or  threads  of 
a  fluid  matter.  Now  the  more  oblique  they  are, 
the  weaker  their  ftroke.  For,  happen  it  dire<ft,  or 
under  a  right  angle  *,  an  impinging  line  applies  its 
whole  force.  And  thus  again  impinge  it  oblique, 
it  does  fo  with  a  part  only  of  its  force  (§.  89.)  If, 
befides,  a  quantity  of  threads  moves  at  the  fame 
time  againft  a  furface  j  the  number  of  them,  which 
come  on  a  determinate  furface,  is  fewer,  the  more 
oblique  their  direction  towards  it.  For,  the  more 
oblique  you  hold  a  veifel,  for  inftance,  to  the  rain, 
the  lefs  you  catch  with  it.  In  order  therefore  to 
meafure  the  force  of  oblique  incident  rays  of  the 
fun  by  the  different  magnitudes  of  the  angles,  you 
are  to  multiply  in  two  different  angles  the  obliquity 
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of  each  by  itfelf.  For,  a  ftroke  is  by  fo  much  greater, 
by  how  much  the  number  of  the  impinging  rays 
is  greater.  For  inftance,  if  the  ftroke  =  i,  and  the 
number  of  the  finking  rays  in  Jike  manner  =  i  ;  the 
magnitude  of  the  flroke  is  =  r.  If  the  flroke 
=  i,  and  the  number  of  the  rays  =  2  ;  the  ftroke 
is  twice  as  great  as  the  preceding.  And  thus  if 
the  ftroke  =  2,  and  the  number  of  the  rays  =  2 ; 
the  ftroke  now  is  four  times  as  great  as  the  firft. 
The  meafure  of  the  obliquity  and  quantity  of  the 
incident  rays  are  the  fines  of  the  angle,  under  which 
they  are  incident  or  impinging  (§.  89.)  Now  the 
fine  of  incidence  A  C,  fig.  9.  plate  xiv.  of  the  rays 
On  the  noon  of  the  fummer  folftice  at  Paris ,  to  the 
fine  of  incidence  B  D  on  the  noon  of  the  winter  fol- 
fiice  there,  is  as  90370  to  30375,  that  is,  as  3  to  1 
nearly.  And  tfius  the  intenfity  of  the  fun’s  rays  on  the 
noon  of  the  fummer  folftice,  to  that  on  the  noon  of 
the  winter  folftice,  is  as  9  to  1  *,  fo  you  multiply 
3  by  3,  and  1  by  1.  The  more  oblique  the  fun’s 
rays  pafs  through  the  atmofphere,  the  fewer  of 
them  come  thereby  on  the  earth’s  furface.  So  that 
in  the  cafe  of  two  oblique  incident  rays  we  are  alfo 
to  confider,  what  ratio  the  number  of  the  fun’s 
rays,  that  under  one  angle  come  through  the  air, 
has  to  the  number  of  thofe,  that  under  another  angle 
force  through  the  atmofphere.  At  Paris  on  the 
‘noon  of  the  longeft  day  twice  the  number  of  rayfe 
:pafs  through  the  air,  as  on  the  noon  of  the  fhorteft 
äday.  And  thus  you  are  to  multiply  9  by  2,  and  t 
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by  i.  And  in  this  manner  the  intenfity  of  the  fun’s 
rays  at  Paris  on  the  noon  of  the  fummer  folftice,  to 
that  of  the  fun’s  rays  on  the  noon  of  the  winter  fol¬ 
ftice,  is  as  1 8  to  i.  Fourthly,  we  are  to  confider  the 
length  of  the  day  and  the  fhortnefs  of  the  night. 
The  longer  the  day,  and  the  fhorter  the  night,  the 
more  intenfe  is  the  fun’s  heat.  At  Paris  the  longeft 
day  is  to  the  fhorteft,  as  2  to  i  nearly.  And  the 
fhorteft  night  at  the  fummer  folftice  to  the  longed: 
night  at  the  winter  folftice,  is  as  1  to  2.  And 
therefore  at  the  fummer  folftice  Paris  gains  the 
whole  day  through  twice  more  heat,  and  lofes  the 
night  through  twice  lefs  heat  than  in  the  winter 
folftice.  And  thus  we  are  to  multiply  1 8  by  4,  and 
1  by  1 .  So  that  at  Paris  the  fun’s  heat  on  the  longeft 
day,  to  the  fun’s  heat  on  the  fhorteft,  is  as  72  to  1. 
But  as  the  fine  A  C  of  the  fun’s  meridian  height  on 
the  longeft  day  is  not  quite  three  times  as  great,  as 
the  fine  BD  of  the  meridian  height  of  the  fun  on 
the  fhorteft  day  ;  M.  Mairan  makes  the  proportion 
as  70 1  to  1  only.  In  this  reduction  he  at  the  fame 
time  had  a  regard  to  the  refradion  of  the  rays,  by 
which  on  the  day  of  the  winter  folftice  the  fun  ap¬ 
pears  higher  in  the  meridian  at  Paris  3'  6"  *,  where¬ 
as  on  the  day  ot  the  fummer  folftice  about  27 '  only, 
than  it  really  is  (§.  188.)  Fifthly  and  laftly,  we 
are  to  confider  the  fun’s  diftance  from  the  earth. 
On  the  fhorteft  day,  it  is  nearer  the  earth  than  on 
the  longeft.  The  more  diftant  it  is,  the  weaker  it 
ads.  The  fun’s  diftance  in  the  fummer  folftice  to 

its 
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its  didance  in  the  winter  folftice,  is  as  30  to  29 
nearly.  Now  the  denfities  of  the  rays  at  different 
diftances  are  to  each  other  inverfely  as  the  fqnares 
of  the  diftances  (§.  145.)  The  fquare  of  30  is  900, 
and  the  fquare  of  29  is  841.  But  900  :  841:: 
1 5  :  14.  And  thus  we  have  70^  to  multiply  by  14, 
and  1  by  15.  So  that  the  ratio  comes  out  as  66 
to  1. 

M.  Mairan  prefuppofes,  that  the  ground-heat  on 
the  longed  and  fhorteft  days  is  one  and  the  fame. 
And  thus  we  are  to  confider  the  integral  heat  on 
the  longed  day,  and  the  integral  heat  on  the  fhorteft, 
as  two  integers  or  wholes,  each  of  which  confifts 
of  two  parts,  and  the  one  differs  from  the  other  by 
one  part  only.  This  part  in  the  integral  heat  on 
the  fhorteft  day  is  the  fun’s  heat  therein,  as  being 
lefs  than  the  fun’s  heat  on  the  longed  day.  In  two 
fuch  wholes  or  integers  the  lefs  part  is  to  the  diffe¬ 
rence  of  both  the  integers,  as  it  is  to  the  difference 
of  the  greater  and  lefs  parts.  For  inftance,  fup- 
pofe  one  whole  to  be  =  36,  and  the  other  =  24  ; 
and  the  firft  to  confift  of  30  and  6,  and  the  fecond 
of  1 8  and  6.  The  difference  between  both  the 
wholes  36  and  24  is  =  12  ;  and  the  difference  be¬ 
tween  the  greater  and  lefs  18  and  6  is  alfo  =  12. 
The  one  difference  is  equal  to  the  other.  And  thus 
18:  12::  18:  12.  We  may  therefore  conclude,  as 
the  difference  of  the  greater  and  lefs  parts  12  is  to 
the  lefs  part  18;  fo  is  the  difference  of  the  greater 

and  lefs  wholes  12  to  the  lefs  part  18.  That  is, 
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12 :  1 3  : :  12  :  18.  If  therefore  the  difference  of  the 
greater  and  lefs  parts  12,  and  the  Jefs  part  18,  and 
the  difference  of  the  greater  and  lefs  wholes  12,  are 
given ;  we  find  the  lefs  part  by  the  rule  of  three, 
fo  we  multiply  1  8>  as  the  lefs  part  by  1 2,  as  the  dif¬ 
ference  of  the  greater  and  lefs  whole,  and  divide  the 
produd  thence  arifing2i6  by  the  difference  of  the 
greater  and  lefs  partsi2  ;  namely,  ~~  (18. 

As  the  fun’s  heat  on  the  longed  day  to  the  fun’s 
heat  on  the  fhorteft,  is  as  66  to  1  ;  fo  is  the  diffe¬ 
rence  of  the  greater  and  lefs  degrees  of  heat  of  the 
fun,  as  of  a  greater  and  lefs,  =  65.  And  as  the  inte¬ 
gral  warmth  on  the  longeft  day  is  to  the  integral 
warmth  on  the  fhorteft,  as  60  to  51  §;  fo  is  the  dif¬ 
ference  of  both  thefe  degrees  of  heat,  as  of  a  greater 
and  lefs  whole,  =  8  §.  So  that  the  partial  heat  of  the 
fun  on  the  fhorteft  day  is  =  7—.  For,  65  :  1  : : 
8  \  :  f370.  If  now  as  the  partial  heat  of  the  fun 
on  the  fhorteft  day,  is  as  a  part  deduced  from  the 
integral  heat  51!;  there  remains  over  7^7,  as  the 
Other  part  of  the  integral  heat  on  the  fhorteft 
day;  that  is,  the  magnitude  of  the  conftant  ground- 
heat.  Now,  JLl  :  ^77  : :  1  :  393.  And  thus  the 
partial  heat  of  the  fun  on  the  fhorteft  day  to  the 
conftant  ground-heat,  is  as  1  to  393;  fo  you  cal¬ 
culate  and  conclude  by  the  principles  affumed. 

§.  374.  The  degree  of  cold  in  the  atmofphere 
may  therefore  arife  from  two  caufes :  (1.)  When 
the  rays  of  the  fun,  on  account  of  their  increafing 

obliquity,  begin  to  aft  with  lefs  force  on  the  atmo- 
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fphere  and  earth.  And  (2.)  When  the  internal  fire 
of  the  earth  is  hindered  to  aft  through  its  parts  up  to 
the  atmofphere.  Among  the  caufes,  which  reftrain 
the  paflage  of  the  fubterraneous  heat,  are  to  be 
reckoned  faltpetre  and  other  falts.  And  hence  in 
Siberia  and  fome  other  parts  of  the  continent  of  Afia 
between  the  55  and  60  degrees  of  latitude,  there  is 
a  far  feverer  degree  of  cold,  than  at  ! Tornea  in 
Bothnia ,  which  lies  under  the  latitude  of  66  degrees 
(p.191.) 

CHAP.  III. 

^  * 

Of  the  Caufes  of  the  decreafing  and  increafing 

Preffure  of  the  Air. 

§.  375*  fTT^HE  afcending  watery  vapours  increafe 
JL  the  weight  of  the  air.  And  thus  by- 
rain  it  is  leflened.  Yet  this  diminution  and  increafe 
appear  but  in  a  fmall  degree  by  the  barometer.  In 
the  memoires  of  the  academy  of  fciences  for  the 
year  1717  it  is  faid,  that  De  la  Hirey  in  the  months 
of  September  and  October  in  1 7 1 6,  when  it  rained 
very  hard,  found  that  27 1  lines  high  of  rain  had 
fallen.  And  all  January  throughout  the  fnow  hav¬ 
ing  fallen  as  deep  as  had  ever  happened,  the  water 
from  fo  uncommon  a  quantity  flood  only  29  |  lines 
high.  And  thus  fuppofing,  there  had  been  fo 
j much  water  at  once  in  the  air,  as  in  the  faid  time 
4had  fallen  either  in  rain  or  fnow  ;  it.  would  come 
ito  the  very  fame  thing,  as  if  the  veil'd  with  the 

quickfilver 


48  0/  SOLID  BODIES, 

quickfilver  had  been  plunged  28  lines  deep  under 
water.  The  quickfilver  in  the  tube  would  rile  2 
lines  high  (§.  227);  the  twelfth  part  only  of  the 
entire  change,  which  the  barometer  exhibits  from 
the  lowed:  to  the  higheft  place  ('§.  1 16J 

§.  376.  And  thus  increafe  the  afcending  watery 
vapours  the  weight  of  the  air  ;  they  on  the  contrary 
weaken  its  fpnng,  juft  as  water  deprives  dry  wool, 
dry  cat-gut,  of  a  part  of  their  elafticity.  And  if 
thus  diredly  by  the  weight  of  the  mounting  watery 
vapours,  the  under  air  is  heightened  in  elafticity,  as 
being  comprefted  thereby  :  fo  on  the  other  hand 
it  may  be  dimimfhed  in  this  its  elaftick  force,  either 
juft  fo  much,  or  even  fo  much  more,  by  the  moif- 
ture.  And  hence  the  quickfilver,  in  a  trad  of  good 
weather  in  fu miner,  is  wont  to  fall  on  the  fpring  of 
the  air  decreafing  by  the  increafing  moifture  ;  either 
arifing  from  the  earth,  or  conveyed  thither  by  the 

fouth  and  weft  winds. 

» / 

§.  377.  If  the  air  is  dry,  it  therefore  proves  elaf¬ 
tick.  And  hence  the  quickfilver  at  times  is  wont 
to  rife  in  rain  ;  but  fometimes  in  rainy  weather  to 
remain  {landing  at  its  low  place.  This  happens 
when  the  air,  notwithftanding  the  rain,  acquires  a 
frefh  ftock  of  moifture. 

§.  378.  By  the  increafing  cold  in  winter  the  elaf¬ 
ticity  of  the  air  is  in  like  manner  increafed,  as  the 
vapours  are  froze  in  the  air.  And  hence  the  quick¬ 
filver  in  the  barometer,  on  the  increafing  cold  in 
winter,  ufually  rifes. 
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§,  379.  But  when  the  air  is  cold,  not  only  its 
fpring,  but  alfo  its  gravity  increafes :  for,  by  the 
cold  it  is  contracted.  And  thus  other  air  from  the 
neighbouring  parts  forces  into  it.  So  that  the  cold 
air  turns  denfer,  and  confequenly  heavier.  In  like 
manner  the  air  turns  denfer  and  heavier,  when  that 
in  the  neighbouring  parts  is  warm  :  for,  by  warmth 
it  expands. 

This  heat  and  cold,  by  which  the  air  turns  den¬ 
fer  and  heavier,  may  arife  at  a  certain  height,  with¬ 
out  being  perceived  in  the  part,  where  we  live,  and 
marked  out  in  the  thermometers.  And  thus  hail  is 
wont  to  fail  in  the  hotted  days  of  dimmer :  which 
arifes  hence,  that  the  watery  vapours  and  drops  of 
rain  are  froze  at  a  certain  height. 

The  indruments,  which  indicate  the  decreafing 
and  increafmg  denfity  of  the  air,  are  called  manome¬ 
ters  *,  and  thofe,  whereby  the  moidure  of  the  air 
is  difcovered,  hygrometers ,  or  notiometers ,  or  weather - 
balances .  The  manometer  baron  JVolfius  defcribes 
in  his  Experiments^  P.  2.  c.  4.  And  the  hygrome¬ 
ter,  c.  7. 

As  the  rifing  and  falling  of  the  quickfilver  in  ba¬ 
rometers  are  not  at  all  times  owing  to  the  decreafing 
and  increafmg  gravity  of  the  air  *  they  ought  not  in 
propriety  to  bear  this  name. 

Vol.  IL  E  C  H  A  P. 
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C  H  A  P.  IV. 

Of  the  W  i  n  d  s. 


§.  380.  OR  any  remarkable  motion,  or  a  wind, 
It  to  arife  in  any  part  of  the  atmofphere  , 
either  the  expanfive  force  of  the  air  muff  there  be 
diminifhed  •,  or  the  fpring  of  the  contiguous  air 
either  heightened  or  lefiened  ;  or  a  contiguous  part 
of  the  atmofphere  forced  thither  by  a  certain  degree 
of  violence.  Happen  nothing  of  all  this ;  the 
parts  of  the  atmofphere  aft  with  equal  force  againft 
each  other,  and  confequently  no  part  of  it  moves. 

§.  381.  Arife  a  wind  in  a  place,  from  the  elaftick 
force  of  the  atmofphere  being  there  diminifhed  ; 
the  quickfilver  in  the  barometer  falls  at  the  fame 
time.  But  arife  it  hence,  that  the  fpring  of  the 
contiguous  air  has  been  diminifhed,  the  height  of 
the  quickfilver  may  remain  unchanged.  This  hap- 
pens,  when  the  recefs  of  the  air,  which  goes  to  the 
neighbouring  part,  is  ever  replaced  by  frefh  and 
equally  elaftick  air.  An  inhance  to  this  purpofe 
baron  F/clfins  adduces  in  his  Ufieful Experiments ,  P.  2. 
§.  44.  from  his  own  experience.  Sometimes  the 
quickfilver  falls  quick  one  or  more  lines,  and  in  a 
little  time  after  a  violent  wind  comes  on,  viz. 
when  the  fpring  of  the  air,  for  a  trad  of  many 
miles  in  length,  is  weakened  at  once  ;  and  the  baro¬ 
meter  fo  diftant  from  the  place,  from  which  the 
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air,  by  virtue  of  its  intenfer  elafticity,  forces  in, 
that  its  motion  can  after  fome  time  only  reach  the 
part  where  the  barometer  {lands.  If  the  wind  has 
begun  its  courfe  towards  a  certain  quarter,  it  con¬ 
tinues  in  that  direction,  and  thus  divides  the.atmo- 
lphere,  when  alio  elaftick  in  an  equal  degree. 
At  the  place,  where  this  happens,  the  quickfilver 
therefore  falls  *,  as  the  upper  air  is  prevented 
from  preffing  on  the  under.  This  may  be  confirmed 
by  a  peculiar  experiment,  for  which  purpofe 
Hawkßee  deviled  an  inftrument,  defcribed  by  baron 
Wolfius ,  L  c.  §.  43. 

§.  382.  The  caufes,  by  which  the  elafticity  of 
the  earth’s  atmofphere  is  changed,  are  partly  variable, 
as  moifture,  elaftick  vapours,  heat  and  cold  part¬ 
ly  conftant,  as  the  motion  of  the  earth  on  its  axis, 
and  the  adlion  of  the  fun  and  moon  on  the  air.  From 
the  laft  caufes  arife  the  constant  winds ,  and  from  the 
jfirft,  the  ftnfting  or  variable  ones,  which  have  no  fix’d 
period,  in  which  they  begin  and  ceafe,  and  return 
again.  A  diffufe  divifion  of  winds  into  their  feverai 
fpecies  Varenius  gives  in  his  Geographia  Generalis , 
1.  1.  c.  20,  21. 

§.383.  By  the  heat  of  the  fun,  and  motion  of 
the  earth  on  its  axis,  on  the  fea  under  the  line  a 
conftant  eafterly  breeze  is  produced.  Take,  for 
inftance,  three  points  on  the  earth’s  furface  ;  one  of 
which  A,  fig,  12.  plate  viii.  is  at  the  weitem  ho¬ 
rizon,  C  at  the  eaftern,  and  B  in  the  middle  be¬ 
tween  both.  Suppofe  the  fun  to  be  over  C.  Under 
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it  the  column  of  air  is  the  mod  ratified  by  its  heat. 
Move  the  earth  on  its  axis  from  weft  to  ead,  and 
thus  come  it  at  B  into  the  place,  where  before  C 
was ;  the  column  of  air  over  B  will  be  the  mod  in- 
tenfely  rarined  by  the  heat  of  the  fun,  and  thus  in- 
creafe  its  expanfive  force.  Now  as  the  former 
column  of  air,  which  no  longer  dands  under  the 
fun,  gradually  lofes  its  acquired  heat,  and  ccnfe- 
quently  contracts ;  fo  the  air  from  the  now  heated 
column  at  B  forces  into  it.  But  as  the  cooled  air- 
column  acquires  more  mafs  of  air,  and  the  heated 
has  lefs;  fo  the  air  flows  in  from  the  cooled  back 
to  the  heated  column.  Now  advance  the  place  B 
with  the  earth’s  motion,  and  come  A  in  its  place'; 
B  will  be  cooled,  and  A  heated.  The  air- column 
over  B  was  already  become  denfer  by  the  retroflux 
of  the  air  from  the  ead.  And  now  it  is  dill  denfer  ; 
and  therefore  it  will  neceflarily  move  towards  A. 
And  in  this  manner  a  wind  blows  from  ead  to 
wed.  * 

The  earth  at  the  time  only,  when  day  and  night 
are  equal,  is  fo  fituated  to  the  fun,  that  for  a  whole 
day  it  is  feen  in  the  equator.  After  this  day,  from 
one  day  to  another  it  acquires,  till  a  certain  time,  a 
continuallyobliquer  podtion  to  the  fun.  This  happens 
in  the  one  half  year  to  the  north  ;  and  in  the  other, 
to  the  fouth.  If  now  the  north  fide  is  heated,  and 
the  fouth  fide  cooled  ;  the  air  flows  from  fouth  to 
north.  If  on  the  contrary  the  fouth  fide  is  heated, 
and  the  north  fide  cooled,  the  air  flows  from  north 
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to  fouth.  As  now,  on  account  of  the  diurna!  ro- 

e 

ration  of  the  earth,  the  air,  by  the  heat  of  the  fun, 
moves  from  eaft  to  weft,  as  along  C  B  fig.  5,  plate  1. 
and  on  account  of  the  decreafing  diftance  of  the  fun 
from  the  equator  along  C  D  there  arifes  a  com¬ 
pound  motion  in  C  A  (§  13.)  In  this  manner  the 
wind  blows  under  an  oblique  angle  towards  the 
equator.  This  happens  at  fea,  and  would  happen 
on  the  whole  furface  of  the  earth,  conftfted  it 
throughout  of  one  and  the  fame  matter,  and  had  it 
no  hills. 

The  heat  of  the  fun  is  not  its  only  addon  on  the 
earth.  In  the  laft  part  of  thephyficks  we  will,  be- 
fides,  exhibit  another  force,  with  which  fun  and 
moon  adl  on  the  earth.  Whether  and  how  far  it  is 

*  x 

to  be  reckoned  among  the  caufes  of  the  conftant 
winds,  we  will  there  enquire. 

§.  384.  The  ftrength  or  intenfenefs  of  a  wind 
arifes  from  the  quantity  of  the  parts  ot  air,  that  im¬ 
pinge  on  a  furface,  and  from  the  velocity,  with 
which  they  are  impelled  (§.  37,  38.)  The  quantity 
of  the  parts  of  air,  by  which  a  furface  is  ftruck  on, 
is  to  be  efti mated  by  the  magnitude  of  this  furface. 
How  the  velocity  of  each  feveral  wind  may  be  dis¬ 
covered  and  calculated,  profefTor  Kraft  teaches  us  in 
his  Obfervationes  Meteorological  §.  10.  infertedin  the 
Comment.  Petropolit.  T.  9.  p.  344,  &c.  Baron  JP el¬ 
fins  in  his  Element  a  Aerometri^e^  published  in  1709, 
has  deferibed  an  anemometer  of  his  own  devifing,  by 
which  we  may  accurately  determine,  how  much  one 
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wind  blows  ftronger  than  another.  In  the  memo! res 
of  the  academy  of  fciences  for  the  year  1734  we 
find  five  anemometers,  among  which  this  of  baron 
IVolfius  is  in  particular  mentioned.  The  fifth,  which 
is  circumflantially  defcribed,  p.  169,  w7as  devifed  by 
M.  Tf  Onf- — en—bray ,  and  on  a  paper  fhews  all  the 
winds,  blowing  within  the  24  hours  j  and  befides,  at 
what  hour  each  wind  had  arifen  and  fallen  ^  and  at 
the  fame  time  their  different  velocities,  or  relative 
forces  and  powers. 


^  C  H  A  P.  V. 

Of  the  Emphatick  or  Shining  Meteors« 

* 

§.  385.  Hp  H  E  heavens  quite  around  appear  to  a 
&  fpedfator  in  all  the  points  of  an  unaf- 
fignable  di fiance  to  reft  on  the  earth,  and  to  exhibit 
a  circle.  This  circle  feems  to  divide  the  heavens  into 
two  hemifpheres,  and  is  therefore  called  the  vifible 
horizon.  Whereas  the  true  horizon  is  that  circle, 
which  actually  divides  the  heavens  into  two  hemi¬ 
fpheres.  Each  feveral  point  of  the  true  horizon  is 
Ciiftant  from  the  zenith  or  vertex  90  degrees,  or  a 
quadrant.  And  reckoning  from  the  zenith  in  a  great 
circle  180  degrees  ;  the  point  where  the  reckoning 
ends,  and  to  which  a  line  may  be  drawn  from  the 
zenith  through  the  earth,  is  called  the  nadir.  So 
that  the  true  horizon  is  alfo  90  degrees  diftant  from 
the  nadir. 

§•  3s6- 
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§.  386.  Suppofe  H  R,  fig.  3.  plate  xi.  to  be  the 
true  horizon,  and  A  B  the  apparent,  and  the  fpedlator 
to  ftand  in  O.  Suppofe  the  curve  line  O  L  D  to  be 
the  limits  of  the  earth's  furface,  and  A  H  E  the  li¬ 
mits  of  the  earth’s  atmofphere,  in  wh  ch  the  rays 
of  light  are  retrailed.  11  below  the  true  horizon 
FI  R  a  ray  S  E  comes  from  the  fun  S  into  the 
atmofphere  at  E  *,  it  is  refracted  towards  the  earth’s 
femidiameter  E  C,  as  being  the  perpendicular, 
(§,  1 64),  and  goes  in  the  line  EDA  on  to  A,  the 
extremity  of  the  apparent  horizon,  as  it  rakes  along 
the  earth  at  D.  The  particles  of  the  earth’s  at¬ 
mofphere  refledt  a  part  of  the  rays  impinging  on 
them,  to  the  eye  of  the  fpedlator  in  O,  and  caufe 
a  light,  which  is  called  the  twilight.  And  arifing 
before  the  going  up  of  the  fun,  it  is  called  the  morn- 
ing- twilight ;  but  after  the  going  down  of  the  fun, 
the  evening- twilight.  This  lafl  ends,  when  the 
fun  is  about  1 8  degrees  below  the  weftern  horizon  ; 
and  that  other  begins,  when  the  fun  has  the  fame 
depreflion  under  the  eaflern  horizon. 

§.387  When  the  rays,  that  go  up  'into  the 
vapours  of  the  air  from  the  fun  below  the  eaflern  hori¬ 
zon  along  the  earth’s  furface,  produce  in  the  opake 
particles  of  the  vapours,  that  vibration,  from  which 
the  red  of  the  light  takes  its  rife ;  the  dawn,  or 
morning  red  appears.  In  the  fame  manner  the  even¬ 
ing  red  or  twilight  is  produced.  The  more  defiant 
and  high  thefe  vapours  extend  over  the  horizon,  the 
more  diflant  extends  the  morning 'and  evening  red  : 
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and  the  denfer  the  vapours,  the  more  vivid  the 
red. 

§.  3  8  8.  If  between  the  eye  and  a  luminous  body  a 
matter  partly  tranfparent  interpofes,  exceeding  in 
denfity  both  the  mediums  between  itfelf  and  the  lu¬ 
minous  body  and  the  eye  ;  the  eye  may  perceive  in 
this  matter  partly  at  the  Tides  of  the  luminous  bo¬ 
dies  certain  figures,  having  a  refembiance  with 
them  5  partly  certain  circles  and  rings  which  appear 
either  white  or  coloured.  For,  the  rays,  which  fall 
from  the  luminous  body  under  an  oblique  angle  in 
to  the  tranfparent  matter,  are  refradled  as  well  in  the 
going  in,  as  going  out  164.)  Thefe  incident 
rays  are  mixed.  If  divided  by  the  refraction,  and 
carried  to  the  eye,  they  excite  in  it  a  colour  (§.  219.) 
If  the  rays,  which  flow  from  the  luminous  body,  as 
from  the  vertex  of  a  cone,  to  the  tranfparent  mat¬ 
ter,  as  the  bafe  of  the  cone,  are  refradted  quite 
round  in  one  and  the  fame  manner  *,  a  coloured 
circle  muft  appear  in  the  eye  ;  fuch  as  the  eye  ob- 
ferves  in  the  night  time  in  a  room,  when  between 
the  eye  and  a  burning  candle  there  is  a  vapour, 
that  is  partly  opake.  If  the  rays  in  going  out 
of  fuch  a  matter  are  fo  refraCled  under  different 
angles,  that  at  laß:  all  the  feven  colours  mixed  to¬ 
gether  come  into  the  eye,  it  obferves  a  white  circle 
(§.  219.)  Such  a  circle  or  ring,  appear  it  white  or 
coloured,  is  called  a  halo,  when  appearing  round  a 
ftar.  Such  a  halo  may  now  have  a  fmall,  again  a 
large  diameter,  as  the  denfity  of  the  matter,  necef- 
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Cary  for  the  proper  refraction,  is  Tideways  near  to  or 
far  from  the  dar.  In  like  manner  may  a  ring  be 
formed,  not  inclofing  the  dar,  the  fun,  tor  indance, 
or  the  moon,  when  the  dar  is  withoutfide  the  fpace 
of  the  refracting  matter.  Further  alfo,  a  part  only 
of  a  ring  may  be  vifible,  when  the  refracting  mat¬ 
ter,  out  of  which  the  rays  are  refracted  to  the  eye, 
occupies  only  an  arch.  This  arch  may  obvert  to 
the  dar  now  the  concave,  again  the  convex  fide,  ac¬ 
cording  to  the  curve  line,  in  which  the  refraction 
happens, 

By  the  refraction  the  image  of  the  fun  or  of  the 
moon  appears,  when  the  rays,  which  fall  from  the 
furface  of  the  fun,  or  of  the  moon,  on  a  denfe  part 
of  the  waving  or  floating  vapour,  are  carried  to  the 
eye  together,  or  in  that  mixture,  with  which  they 
fall  on  the  vapour.  And  thus  appear  the  images  of 
the  fun  and  moon  at  the  horizon,  when  they  have  a 

certain  degree  of  depreflion  under  the  horizon 
(§.  1 88.)  But  if  the  fun  and  moon  are  at  the  fame 
time  above  the  horizon  :  their  images  are  called 
parhelia  or  mock- funs ,  and  parafeleme  or  mock-moons . 

Reflection  alfo  may  produce  a  mock-fun,  or  a 
mock-moon,  when  by  the  vapours  {landing  juft  op- 
poflte  to  the  fun  or  moon,  the  rays,  which  they 
receive  from  the  direCtiy  oppoflte  furface  of  the  dm 
or  moon,  are  fully  redeCled  to  the  eye.  v  Such  va¬ 
pours  are  to  be  confidered  as  mirrours. 

If  a  tail  appears  at  a  mock-fun  or  mock-moon,  it 
arifes  from  the  refraction,  which  the  Angle  rays  of 

the 
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the  fun  or  moon  undergo  in  the  vapours  at  their 
images.  r 

§.  389.  If,  according  to  Defcartes* s  directions  in 
his  book  De  meteor is ,  c.  8.  you  fo  hang  a  glafs  globe 
BCD,  fig.  1.  plate  vi.  filled  with  water,  in  a 
room,  that  a  ray  of  the  fun  A  B  falls  on  it ;  the 
eye  may  obferve  at  the  point  D  the  feven  primitive 
colours  one  after  another,  on  now  raifing,  again 
lowering  the  ball  by  a  firing.  The  fpedtator  has  the 
fun  in  his  back,  and  the  globe  of  water  in  his  fight. 
The  ray  A  B  is  refracted  in  going  in  at  B  towards 
the  perpendicular  (§.  164.)  and  goes  on  to  C,  and 
is  in  part  reflected  to  D  ;  and  in  going  out,  refracted 
from  the  perpendicular,  and  proceeds  to  E,  where 
the  eye  may  be  fuppofed  to  be.  Imagine  a  right 
line  E  M  drawn  through  it,  running  parallel  with 
the  ray  A  B,  and  which  may  be  drawn  through  the 
eye  backwards  through  the  centre  of  the  fun.  Form 
the  ray  D  E,  refracted  out  of  the  globe,  an  angle  of 
42  degrees  and  2  minutes  with  the  line  E  M,  the 
point  D  appears  red.  If  the  globe  is  fo  far  let 
down,  that  D  E  forms  with  E  M  an  angle  of  40 
degrees  and  1 7  minutes,  the  point  D  appears  of  a 
violet  colour.  Now  fo  the  globe  be  let  down 
(lowly  from  the  firfi  height  to  the  laft  ;  the  eye 
comes  to  view  the  other  colours,  contained  between 
the  red  land' violet,  gradully  in  the  order,  in  which 
they  exhibit  themfelves,  on  letting  a  ray  of  the  fun 
fall  through  a  glafs  prifm.  Admitting  into  the 
room  fo  many  rays  of  the  fun  only,  as  are  neceflary 
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to  enlighten  the  globe,  and  holding  in  the  place, 
where  the  eye  fhould  be,  a  white  paper,  ail  the  co¬ 
lours  fhew  themfelves  at  once  thereon. 

§.  390.  From  this  the  ordinary  and  inner  rainbow 
may  be  explained,  in  which  the  red  colour  has  the 
upper  mod,  and  the  violet  the  undermoil  place.  The 
matters,  in  which  the  rainbow  is  produced,  are  the 
drops  falling  from  a  cloud,  on  which  the  oppofite 
fun  or  oppofite  moon  fhines.  For,  we  fometimes 
not  only  fee  the  legs  of  the  rainbow,  Handing  on  the 
roofs  of  houfes  and  on  the  earth,  but  alfo  through 
the  legs  freely  fee  the  trees  and  houfes  behind  them. 
All  this  the  eye  could  not  obferve,  did  the  rainbow 
arife  in  the  clouds,  as  they  extend  not  quite  down  to 
the  roofs  of  houfes  and  to  the  earth.  But  drops  of 
rain  are  adapted  to  produce  colours,  as  in  the  man¬ 
ner  of  glafs  globes  filled  with  water,  they  can  re- 
fra£l  and  refiedl  the  incident  rays.  Suppofe  the  eye 
to  be  in  O,  fig.  2.  plate  vr.  between  the  fun  S,  and 
the  furface  of  rain  VHC;  and  in  this  fuppofe  two 
falling  drops  to  occupy  the  places  T  and  K  ^  fup¬ 
pofe  one  ray  D  E  to  fall  from  the  fun  on  the  drop 
K,  and  another  P  S  on  the  drop  T  *,  confidering  the 
prodigious  magnitude  of  the  fun,  and  the  fmall 
height  of  the  falling  drops,  we  may  very  well  affirm, 
that  the  eye  is  between  the  fun  and  the  furface  of 
rain.  Draw  through  the  eye  the  line  O  F  parallel 
with  the  laid  rays ;  the  incident  rays  D  E  and  P  S 
are  redrafted  at  E  and  S  in  entering  the  drops,  and 
go  on  to  the  points  K  and  T.  From  theie  points 
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they  are  in  part  reflected  to  n  and  Q,  and  in  the 
going  out  at  n  and  Q,  again  refradted.  Suppofe 
therefore  the  ray  n  O,  falling  out  of  n  into  the  eye, 
to  form  at  O  with  O  F  an  angle  of  420  2'  y  and  the 
i-ay  Q^O,  falling  out  of  Q^into  the  eye,  to  form 
at  O  an  angle  of  40°  if ;  the  eye  at  once  fees  red 
and  violet.  Now  if  there  are  between  both  thefe 
drops  five  more,  out  of  which  five  rays  come  to  the 
eye,  forming  with  the  line  O  F  a  fivefold  angle, 
whofe  magnitudes  are  ever  decreafing  from  the 
angle  n  O  F  to  the  angle  Q  O  F  ;  the  other  five 
colours  between  the  red  and  violet  exhibit  themfelves 
to  the  eye. 

The  drops,  in  which  the  incident  and  excident 
rays  are  fo  refracted,  that  they  exhibit  the  colours, 
may  for  (hortnefs  be  called  the  colouring  or  tinging 
drops ;  and  a  line,  in  which  are  feven  drops,  one 
over  the  other  ♦,  each  of  which  by  a  peculiar  refrac¬ 
tion  excites  a  peculiar  colour,  may  be  called  a  row  of 
colouring  drops.  The  entire  furface  of  rain,  which  ex¬ 
tends  to  right  and  left  before  the  eye  of  the  fpedtator, 
con  fids  of  innumerable  flieh  rows,  fo  near,  that 
their  interfaces  cannot  be  obferved  ;  fo  that  the 
colours  muft  appear  to  go  on  uninterrupted  to  right 

a 

and  left  in  the  furface  of  rain.  In  each  row  the  ray 
n  O,  coming  out  of  the  uppermoil  drop  into  the 
eye,  muft  form  with  the  line  OF  an  angle  of  420 
2  ;  and  the  ray  Qp  O,  going  out  of  the  undermoft 
drop  to  the  eye,  with  the  fame  line  O  F  an  angle 
of  40°  17  .  Lines,  falling  from  different  points  of  a 
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fur  face  on  a  diftant  and  common  point,  through 
which  a  line  is  drawn,  and  with  this  line  forming 
equal  angles,  go  in  a  circle  round  this  line.  So  that 
the  initial  points  in  the  furface,  from  which  the  lines, 
drawn  to  the  common  point,  take  their  rife,  muft 
in  like  manner  be  in  a  circle.  The  periphery  of  the 
bale  of  a  cone  fhews  this  diftin&ly.  And  thus  in  the 
furface  of  rain  the  rows  of  tinging  drops  proceeding 
to  right  and  left  muft  exhibit  a  circle  with  feven  co¬ 
lours,  of  which  the  red  is  the  uppermoft,  and  the 
violet  the  undermoft  ;  that  is,  exhibit  the  ordinary 
and  inner  rainbow  \  when  the  line  O  F  running  pa¬ 
rallel  with  the  incident  rays,  forms  with  the  ray  n  O, 
coming  to  the  eye,  an  angle  of  42 0  2',  and  with  the 
ray  Q^O  an  angle  of  40°  1  f  As  the  drops,  fall, 
the  colours  vanifh  diredly  with  their  fall.  But  as 
others  come  immediately  into  their  place,  thefe  im¬ 
mediately  give  forth  new  colours.  In  this  manner 
[  the  rainbow  appears  to  continue  for  fome  time  ;  but 
:  in  reality  it  confiits  of  a  number  of  rainbows,  fuc- 
1  ceeding  each  other  in  imperceivable  times. 

§.  391.  If  above  the  rows  of  the  tinging  drops, 
j  which  exhibit  the  ordinary  rainbow,  there  are  fuch 
j  other  rows,  out  of  whole  drops  the  incident  rays  of 
I  the  fun  or  moon,  after  a  double  refiedlion  and  a  double 
1  refra&ion  fo  come  to  the  eye,  that  the  ray  B  O, 
j  fig.  2.  plate  vi.  form^  with  OF  at  O  an  angle  of  54° 

'j  7',  and  the  ray  m  O  with  OF  at  O  an  angle  of  50® 

1  58'  y  there  appears  another  befides  above  the  ordi- 
a  nary  rainbow,  called  the  outer?  the  upper  and  extraor - 
1  dinary 
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Unary  rainbow ,  in  which  the  red  colour  is  the  un¬ 
der  mod,  and  the  violet  the  uppermoft.  That  the 
colours  appear  under  the  circumftances  determined, 
and  have  the  faid  order  among  them  (elves,  Def* 
carters  experiment  again  fhews,  on  hanging  a  glafs 
globe,  filled  with  water,  in  a  room  at  a  thread 
drawn  over  a  pulley,  and  fo  pulling  it  up  by  this 
thread,  that  the  rays,  corning  out  of  the  globe  to 
the  eye,  ill  ail  form  with  the  line  O  F  the  men¬ 
tioned  angles. 

§.  392.  The  breadth  of  a  rainbow  confifts  in  the 
fpace  between  the  uppermoft  and  undermoft  co¬ 
lours  *,  and  confequently  in  the  difference  between 
the  two  angles,  which  the  rays,  coming  out  of  the 
uppermoft  and  undermoft  drops  to  the  eye,  form 
with  OF.  The  difference  between  420  2'  and  40°  17' 
is  i°45.  And  fo  this  is  the  breadth  of  the  inner 
and  under  rainbow.  The  difference  between  540  7' 
and  50°  58  39  is  30  8'  21ft  And  thus  fo  great  ap¬ 
pears  the  breadth  of  the  outer  and  upper  rain¬ 
bow. 

§.  393.  The  more  opake  the  fpace  behind  the 
furface  of  rain,  and  its  rows  of  tinging  drops,  the 
more  vivid  are  the  colours  of  the  bow.  For,  in  fo 
far  as  the  fpace  behind  the  furface  of  rain  is  opake, 
in  fo  far  forces  through  it  to  the  tinging  drops  no 
adventitious  light,  which  can  mix  with  the  rays,  re¬ 
fracted  out  of  them  to  the  eye,  and  confequently 
weaken  their  intenfenefs.  In  particular,  the  fpace 
behind  the  furface  of  rain  muft  be  very  opake,  for 

the 
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the  upper  and  outer  rainbows  to  exhibit  vivid 
colours.  For,  as  at  the  refledling  point  in  a  drop 
of  water  fome  rays  always  go  to  the  hinder  fpace  ;  fo 

V 

this  wafte  is  greater  in  the  tinging  drops  of  the 
outer  rainbow  on  account  of  the  double  refleftion, 
than  in  the  drops  of  the  inner.  The  opacity  of  the 
fpace  behind  the  tinging  drops  is  alfo  the  caufe  of 
the  brifknefs  of  the  colours  in  thofe  rainbows  pro¬ 
duced  on  the  water  changed  to  vapour  and  forced 
high  either  out  of  a  fountain,  or  out  of  a  fquirt,  or 
in  a  fall  of  water. 

§.  394.  Above  the  upper  and  fecond  rainbow  ap¬ 
pears  at  fome  times  a  third,  on  the  drops  of  rain, 
which  are  above  the  tinging  drops  of  the  upper, 
having  the  pofition,  that  the  incident  rays  of  the 
fun  come  to  the  eye  after  a  double  refraddon  and  a 
triple  refledbion.  A  remarkable  inftance  to  this  pur- 
pofe  we  have  related  in  the  general  hiilory  of 
voyages  by  Don  Antonio  de  Ulloa ,  T.  9.  fedt.  1. 1.  6. 
c.  9.  As  de  Ulloa  was  with  the  French  academi» 
dans  on  the  high  and  defart  mountain  Fambamarca 
in  the  kingdom  of  Quito ;  each  of  them  faw  his 
own  image  over  a'gainft  the  fide  on  which  the 
fun  rofe,  as  in  a  mirrour,  and  the  head  of  each 
image  incompaffed  with  three  rainbows,  having  all 
I  of  them  one  and  the  fame  centre.  The  lad:  or  out- 
j  mod:  colours  of  the  one  rainbow  touched  the  bird: 

I  of  the  following.  And  externally  round  all  the 
i  three  circles,  but  at  fome  diftance  from  them,  a 
fourth  bow  appeared,  which  fhewed  white  only. 

When 
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When  one  of  the  fpedlators  moved  from  one  fide  to 
the  other  -3  the  whole  appearance  followed  him  in  a 
like  form  and  order.  And  though  they  were  be¬ 
tween  fix  and  feven  in  number  and  food  quite  clofe 
together,  yet  each  could  only  fee  his  own  image, 
but  not  the  appearance  too  of  the  reft.  As  the  figure 
of  their  bodies  was  pourtraied  in  the  middle  fpace  of 
the  incompafiing  rainbow,  the  vapours  of  this  fpace 
muft  have  been  in  the  (late,  for  the  incident  and 
refiedled  rays  to  form  equal  angles  (§.  150.) 

§.  395.  If  the  line  OF  fig.  2.  plate  vi.  is  con¬ 
ceived  to  be  produced  from  the  eye  backward  to  the 
lun,  it  at  laft  paffes  through  his  centre.  For,  O  F 
runs  parallel  with  the  rays  incident  on  the  drops  of 
rain  j  and  the  fpace  between  them  and  the  line  O  F 
is  to  be  deemed  a  point  in  com  pari  fon  with  the  fpace 
of  the  fun.  If  O  F  is  conceived  to  be  carried  for¬ 
wards  from  the  eye  to  the  furface  of  rain,  it  at  laft 
paffes  through  the  centre  of  the  circle,  in  whofe 
circumference  the  rainbow  appears.  For,  the  ting¬ 
ing  rays  form  about  this  line  a  circle  (§.  390.) 

§.  396.  Stand  the  fun  at  the  horizon,  and  the 
fpedlator  on  the  earth’s  furface,  the  appearing  rain¬ 
bow  exhibits  the  circumference  of  afemicircle.  Sup- 
pofe  the  eye  of  the  fpedlator  in  O,  fig.  3.  plate  vi. 
the  one  point  of  the  horizon,  where  the  fun  is 
feen,  in  H  ;  and  the  other  point  of  the  horizon, 

.  above  which  the  furface  of  rain  (lands,  in  R.  The 
right  line,  which  may  be  drawn  from  H  through 
O  to  Fv,  is  called  the  apparent  horizontal  line.  On 

this 
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this  falls  the  line  O  F,  as  it  goes  through  the  centre 
of  the  fun,  which  is  feen  at  the  horizon  in  H.  But 
O  F  at  the  fame  time  goes  through  the  centre  of 
the  circle,  in  whofe  circumference  the  rainbow  is 
exhibited  (§.  395.)  And  therefore  alio  the  centre 
of  this  circle  falls  on  the  horizontal  line  H  R0 
Through  this  centre  the  diameter  of  the  circle,  in 
whole  circumference  is  the  rainbow,  is  divided  into 
two  equal  parts ;  the  one  of  which  is  above,  the 
other  beneath  the  horizon.  Under  thefe  circu  al¬ 
liances  the  rainbow  mult  appear  in  the  form 
of  a  femicircle.  And  then  the  height  o  the  rain¬ 
bow  is  either  440  2',  or  540  5'  (§.  389  and  391.) 

§.  397.  Did  therefore  the  earth  admit  the  circu¬ 
lar  furface,  through  whofe  centre  the  line  Ö  F  may 
be  drawn,  to  be  as  well  fully  enlightened  by  the 
fun,  as  plainly  feen  by  the  eye  in  O  -9  the  rain¬ 
bow  would  appear  as  a  whole  circumference  of  a 
circle  in  the  falling  drops  of  this  circular  furface, 

§.398.  If  the  fun  is  above  the  horizon  in  S, 
fig.  3.  plate  vi.  and  the  eye  in  O  on  the  earth’s  fur¬ 
face  ;  the  appearing  rainbow  mu  ft  be  lefs  than  the 
circumference  of  a  femicircle.  For  then,  the  line 
s  OF,  drawn  through  the  fun  S  and  eye  O,  goes 
through  the  horizontal  line  H  R,  and  forms  with 
it  an  oblique  angle  R  O  F  (§.  395.)  to  which  the 
angle  s  O  H  is  the  verfiele  angle.  Now  as  vertical 
angles,  which  have  a  common  point,  are  mutually 
equal  ;  the  rainbow  wants  of  its  femicircle  fo  -much, 
Yol.  IL  '  F  as 
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as  the  height  of  the  fun  above  the  horizon  has  in- 
creafed. 

§.  399.  Were  therefore  the  height  of  the  fun 
above  the  horizon,  or  the  angle  %  O  H  420  2' ;  the 
eye  on  the  earth’s  iurface  would  only  view  the  ex¬ 
tremity  of  the  ordinary  rainbow  at  the  horizon  in 
R.  For  the  line  §5  Of  would  not  only  go  through, 
the  horizontal  line  H  R,  but  alfo  form  with  it  an 
angle  R  O /of  420  2'. 

§.  400.  When  the  ordinary  rainbow  exhibits 
the  form  of  a  femicircle  ;  its  higheft  point  is  in 
C,  and  the  ray  C  O,  falling  out  of  C  into  the  eye, 
forms  with  the  horizon  O  R  an  angle  of  420  2-'. 
Were  therefore  the  earth  no  obftacle  to  the  rays  of 
the  fun,  and  to  the  falling  drops  the  extremity  of 
the  other  femicircle  of  the  ordinary  rainbow  would 
be  under  the  horizon  in  ca  For,  the  angle  COR 
is  equal  to  the  angle  R  O  c.  Were  the  fun  in  S, 
the  extremity  of  the  ordinary  rainbow  would  extend 
under  the  horizon  quite  to  c  c.  For,  the  angle 
E  O  F  =  the  angle  FOa.  Were  the  fun  in  *3>, 
the  extremity  of  the  ordinary  rainbow  would  be 
under  the  horizon  in  c  c  c.  For  the  angle  RO^ 
the  angle  c  O  c  c  c. 

§.  401.  The  fun  being  higher  than  42®  2  above 
the  horizon,  the  fpedator,  when  on  the  earth’s  fur- 
face,  can  obferve  no  ordinary  rainbow  ;  for,  he  can 
only  fee  the  extremity  of  the  ordinary  rainbow, 
when  the  height  of  the  fun  is  accurately  40°  2 

(§•  399«) 
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(§.  399.)  In  like  manner  none  of  the  upper  rain¬ 
bow  can  be  didinguifhed  on  the  earth’s  furface, 
when  the  height  of  the  fun  exceeds  540  y'.  And 
hence  with  us  in  Germany  no  rainbow  can  be  feen  in 
fummer  a  while  before,  and  after  noon.  For  about 
this  time  the  height  of  the  fun- prevents  the  rainbow 
from  being  perceived  by  the  eye. 

§.  402.  Was  the  fpeblator  placed  on  fuch  a  height, 
that  he  faw  the  fun  under  the  horizontal  line,  which 
may  be  drawn  on  the  level ;  he  might  obferve  more 
of  an  appearing  rainbow  than  the  half  periphery  of 
a  circle.  For,  as  the  rainbow  is  lefs  than  a  femi- 
circle,  when  the  fun  is  fomewhat  railed  above  the 
apparent  horizontal  line  (§.398.)?  it  mud  on  the  con¬ 
trary  be  greater  than  a  femicircle,  when  the  fun 
would  be  feen  under  the  apparent  horizontal  line, 
which  may  be  drawn  on  the  level  of  the  earth. 

§.  403.  The  more  didant  the  furface  of  rain  from 
the  eye  of  the  fpe&ator,  the  greater  are  the  degrees 
that  conditute  the  variegated  bow.  Whereas  the 
Higher  the  furface  of  rain  is  to  the  viewing  eye, 
the  fmaller  are  thefe  degrees.  For,  the  circular  fur¬ 
face,  a  part  of  whole  circumference  the  rainbow  oc¬ 
cupies,  may  be  confidered  as  the  bafe  of  a  cone,  and 
O  F  as  its  axis  (§.  390.)  fig.  3.  plate  vi.  Now  the 
longer  the  axis  of  a  cone,  the  greater  are  the  de¬ 
grees,  which  form  the  periphery  of  the  conical  fur- 
face.  And  the  fhorter  the  axis,  the  fmaller  are  the 
degrees  of  this  periphery. 
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§.  404.  Sometimes  a  part  is  wanting  to  the  full 
rainbow,  which  may  be  feen  above  the  horizon  •,  for 
inftance,  the  upper  convexity,  or  a  leg.  This  is 
occafioned  by  a  defedt  of  the  tinging  drops  in  thefe 
places.  At  other  times  the  legs  of  a  rainbow  appear  to 
Hand  on  the  grafs  and  herbs ;  which  happens,  when 
the  drops  lying  on  the  grafs  and  herbs  fo  refradl  the 
incident  rays  of  the  fun,  as  to  form  with  the  line 
O  F,  fig.  2.  plate  vi.  the  angles  necefiary  in  the 
rainbow.  When  the  fpedtator  would  approach  the 
rainbow7,  it  gives  way  before  him.  Whereas  if  the 
fpedtator  leave  the  rainbow,  it  follows  him;  for, 
as  foon  as  the  fpedtator  fhifts  place,  fo  foon  the  re¬ 
fracted  rays  come  out  of  other  drops  to  his  eye. 

CHAP.  VI. 

Of  the  Generation  of  Thunder  and 

Lightening. 


§.  405.  riT^  HAT  the  vapours  of  the  atmo- 
JL  fphere  partake  of  faline  and  fulphu- 
reous  matters  is  well  known  ;  and  that  the  mixture 
and  accenfion  of  thefe  produce  a  clap  or  an  explofion. 
This  gunpowder  in  fome  meafure  explains,  in  the 
compofition  of  which  fulphur,  falt-petre  and  w'ood- 
coals  are  'joined  together ;  alfo  the  pulvis  fulmi- 
nans ,  which  is  prepared  of  falt-petre,  fulphur  and 
fait  of  tartar  *,  and  the  aurum  fulminans ,  which  is 
made  from  leaf-gold,  diflolved.  in  aqua  regia , 
and  precipitated  either  with  the  aqueous  fpirit  of 
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fa!  ammoniack ,  or  with  oil  of  tartar  per  deliquium , 
or  with  both,  on  dropping  them  in  alter¬ 
nately.  Hence  it  appears,  thunder  may  be  ex¬ 
plained  from  the  mixing  and  firing  falts  and  fill- 
phureous  matters  in  the  atmofphere. 

§.  406.  The  query  only  is,  how  the  fulphureous 
matters  are  fired  in  the  air  ?  According  to  Lemery , 
a  pafte  made  of  iron  filings  and  (lamped 
fulphur  and  water,  gradually  takes  fire.  But 
whether  fo  many  particles  of  iron  float  in  the 
air,  as  to  heat  with  the  fulphureous  matters,  is  a 
thing  not  hitherto  made  out.  At  times  too,  cer¬ 
tain  matters  take  fire  on  the  earth  without  any  par¬ 
ticles  of  iron  ;  for  inilance,  moifl:  hay  :  and  fo  we 
are  to  confider  the  clofenefs  and  weight  with  which 
fuch  matters  lie  on  each  other,  and  the  upper  prefs 
on  the  under.  In  the  atmofphere  no  fuch  piling  up 
together  of  matters,  is  to  be  imagined. 

§.  407.  Trees,  men  and  houfes  are  often  ftruck 
by  lightening  without  taking  fire.  In  thefe  flafhes 
of  lightening  there  may  be  very  little  fulphur.  Was 
fuch  a  flaih,  a  dream  of  kindled  fulphur,  how  could 
inflammable  matters  remain  unkindled  on  its  touch  ? 
Such  flafhes  of  lightening  are  called  cold  claps.  We  are 
not  to  conclude  that,  on  the  fcore  of  their  great  velo¬ 
city,  they  could  not  fire.  For,  hitherto  it  has  not  ap¬ 
peared  from  any  one  inftance,  that  the  kindling  flafhes, 
which  we  may  call  hot  claps,  move  with  lefs  velocity  than 
the  cold.  From  the  cold  claps  therefore  it  appears,  that 
there  are  flafhes  ofl  ightening,  holding  either  quite  none 
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or  very  little  fired  fulphun  And  thus  in  order  to  ex¬ 
plain  ihe  phenomena  of  thunder  and  lightening,  we  are 
to  leek  for  other  caufes  than  thole  hitherto  adduced. 

§.  408.  When  thunder  and  lightening  are  generat¬ 
ed,  eleCtrical  effects  are  obferved  at  the  fame  time 

in  the  fame  parts  of  the  atmofphere.  Hang 
at  the  time  of  a  thunder-ftorm  a  metal  rod  in 
the  free  air  •,  or  let  a  man  (land  on  a  cake  of 
pitch,  or  on  a  filken  net  ;  leaf-gold,  held  either 
under  the  rod,  or  under  the  hand  of  the  man,  fall 
into  firifking  motions.  If  one  approach  a  finger,  or 
a  metal  to  the  rod  or  to  the  man  ;  eleCtrical  fparks 
are  made  to  burft  forth,  which  are  now  weak,  again 
ftcong,  according  as  the  matter  of  the  thunder  is 
diftant  or  nearer,  or  itfelf  weak  or  ftrong.  All  the 
effects,  which  human  art  has  hitherto  difcovered  by 
machines  in  electrifying,  manifeft  themfelves  in 
thunder-ftorms,  when  chains  or  rods  hanging  by  filk 
are  touched  by  the  air  of  the  form,  without  being 
obliged  to  excite  the  electricity  by  art.  The  firfl: 
pbfervations  were  made  in  France  in  1752.  The 
abbe  Fiollet  recounts  them  in  his  Lettres  fur  Feleflri- 
cite.  Mr.  Benjamin  Franklin  in  the  letters  he  wrote 
in  17475  1748,  and  1749  from  Philadelphia  to  Mr. 
Collinfcn  in  London ,  and  particularly  by  the  hint  in  the 
fourth  letter, how  to  difcover  by  trial  whether  the  matter 
of  electricity  and  the  matter  of  thunder  were  really  one 
and  the  fame,  gave  occafion  to  thefe  obfervations. 
Now  what  had  been  obferved  of  the  electricity  of 
thunder  in  1752  in  France 9  was  confirmed  in  other 
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countries  befides  by  different  trials,  which  M.  Mylius 
has  defcribed  in  the  Phyßcal amufements^  P.  17.  After 
profeffor  Richman  had  been  killed  by  a  flafh  of 
lightening  in  obferving  at  Peterßurg  on  Auguft  6, 
1753,  the  eledlrical  force  in  thunder  and  lightening, 
I  caufed  to  be  made  an  inftrument,  by  which  the  elec¬ 
trical  effedts  of  thunder  may  be  obferved  at  a  diftance 
without  danger,  and  I  defcribed  it  in  the  Programma 
de  avertendi  fulminis  artificio  ex  dodlrina  eledfricitatis , 
p.  17,  18.  and  reprefented  it  in  fig.  2.  and  3. 

§.  409.  As  thus  experience  affures  us,  that  in 
thunder-florms  the  eledlrical  matter  of  the  atmo- 
fphere  is  in  motion  ;  the  enquiry  is,  whether  this 
motion  be  produced  by  rubbing,  or  by  fetting  on  fire 
the  fulphureous  and  oleaginous  matters  of  the  air  ? 
Under  the  firfl  of  thefe  hypothefes,  we  might 
confider  the  firing  of  thefe  matters  with  the 
other  appearances  and  effects  of  thunder  and 
lightening  as  bare  effedls  of  the  eledlrical  force 
of  the  atmofphere.  For,  if  we  confider,  that  an  in- 
tenfe  eledlrical  fpark  and  flafh  burfts  forth  with  a 
fnap  (§.  315.)  and  fires  not  only  fpirit  of  wine,  but 
feed  of  lycopodium ,  and  diffolves  aurum  fulminant 
(§.  238.  feq.)  and  in  like  manner  flrikes  holes  in  pa¬ 
per,  leather,  parchment,  and  thin  plates  of  tin  ;  the 
experiments  to  this  purpofe  I  alledged  1.  c.  p.  14,  15. 
It  is  eafy  to  conceive,  that  it  depends  only  on  the 
quantity  and  denfity  of  the  eledlrical  matter  in  the  air, 
to  fire  either  the  fulphureous  and  inflammable  mat¬ 
ters  in  the  air,  or  in  animals,  plants  and  buildings, 
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and  to  melt  and  break  in  pieces  metals  and  other  hard 
bodies. 

§.410.  Experience  and  experiment  have  taught 
us,  that  heat  and  fire  excite  no  eledlricity,  when  a 
body,  which  may  be  electrified  by  rubbing,  is  not 
rubbed.  Whence  we  have  reafon  to  maintain,  that 
thunder  and  lightening  arife,  by  the  mutual  fridlion 
of  what  is  contained  in  the  air,  againft  each  other, 
whereby  the  eledtrical  matter  contained  in  them 
is  put  into  an  intenfe  motion.  Several  circum- 
ftances,  which  have  been  remarked  in  the  eledlricity 
of  thunder,  Serve  to  confirm  this  observation.  IS  a 
metal  bar,  hanging  either  by  Silken  firings,  or  refl¬ 
ing  on  pitch,  is  touched  by  the  air  of  a  thunder- 
ilorm  i  its  eledlricity  appears  not  in  one  and  the 
Same  degree  of  intenSenefs.  In  Some  time  before  the 
lightening  the  eledlrical  effedls  are  quite  weak  ^  but 
they  gradually  turn  more  intenfe.  And  when  the  Sparks 
are  at  the  flrongefl,  the  lightening  arifes  in  the  air  : 
but  with  it  alfo  the  eledlricity  vanishes.  Then  again 
it  begins  gradually  to  increafe,  till  again  at  lad  with 
the  following  lightening  it  gain  the  high  ell  pitch. 

§.  41 1.  And  here  two  queries  are  to  be  anfwered  : 
Fir  ft,  how  is  it  poffible  the  eledlrical  force  Should 
colledt  itfelf  in  a  cloud,  or  in  a  certain  quarter  of  the 
atmofphere  ?  Secondly,  whence  fhould  arife  the 
great  power  of  the  eledlrical  force  in  the  air  ?  In  ar¬ 
tificial  eledtrifying,  for  the  communicated  eledlricity 
to  be  considerable  in  a  body,  it  muft  reft  on  a  body 
eledlrical  of  itfelf*  that  is,  Such  a  body,  whofe  elec¬ 
trical 
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trical  matter  is  in  no  remarkable  manner  refolved 
and  expanded  by  the  bare  contadt  of  an  expand ve 
eledtrical  matter  (§  234,  246.)  Among  thefe  bodies 
ranks  pure  air.  For,  an  eledtrified  bit  of  leaf-gold 
may  be  driven  about  for  a  confiderable  time  in  the 
air  from  one  place  to  another,  fo  you  purfue  it  with 
a  rubbed  glafs  tube,  by  which  the  electricity  was  at 
firft  communicated  to  it,  without  being  able  to 
touch  it  therewith.  From  this  it  is  clear,  that  the 
dedtricity  communicated  to  the  bit  of  gold  lafts  for 
a  long  time  in  the  air  (§.  252);  and  confequently 
I  the  air,  confidering  that  the  communicated  eledtri- 
I  city  ceafes  not  fo  foon  in  it  by  its  contadt,  belongs 
I  to  the  bodies  electrical  of  themfelves.  If  therefore 
a  cloud,  to  whofe  matters  the  electricity  may  be 
;  communicated  from  others,  that  mutually  rub,  is 
environed  quite  round  with  air,  in  which  no  va¬ 
pours  are  contained,  that  may  be  eledtrified  without 
rubbing  :  it,is  in  the  Fate,  that  the  eledtrical  force 
may  be  colledted  in  it,  or  fo  excited,  as  to  laft  a  long 
time. 

§.412.  Water  is  rich  in  eledtrical  matter,  which 
manifefts  itfelf  by  ftrong  effects,  when  diffidently 
refolved  by  the  original  eledbicity.  In  particular, 
the  eledtrical  virtue  of  water  is  heightened  when 
mixed  with  faltpetre,  potaffi  or  other  falts.  The 
intenfer  therefore  the  original  electricity,  excited  in 
a  certain  quarter  of  the  air  by  the  attrition  of  ful- 
[phureous  and  other  matters,  adts  on  a  water- cloud 
,  environed  with  pure  air  ^  and  the  richer  it  is  in 

water 
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water  and  faline  matters,  the  greater  will  be  the  elec¬ 
trical  power  of  fuch  a  thunder-cloud. 

§.413.  The  electrical  fparks  and  flafhes  are  pro¬ 
duced,  when  an  uneledrified  body  is  fo  nigh  one 
eleCtrified,  that  the  eledrical  matters  of  both  alter¬ 
nately  infmuate  into  each  other,  and  colled:  them- 
felves  between  them.  And  thus  a  body  is  touched 
by  a  thunder-flafh,  when  a  quantity  of  eledrified 
vapours  of  the  air  come  fo  to  (land  againft  it,  that 
its  own  eledrical  matter  by  its  elafticity  (§.  244.) 
infmuates  plentifully  into  them.  The  quicknels  and 
violence  of  the  thunder-flafh  arifes  hence,  that  the 
eledrical  matters  of  the  vapours  are  refolved  ex¬ 
ceedingly  fubtle,  and  expand  themfelves  very  wide. 
For,  in  this  manner,  the  eledrical  matter  of  the 
body,  which  is  neared:  thefe  vapours,  finds  a  fpace, 
in  which  it  may  expand  alrnoft  without  obftrudion, 
and  thus  at  once  goes  with  all  its  might  againft  the 
vapours.  And  therefore  by  the  mixture  of  eledrical 
matters,  which  ftream  out  of  the  vapours,  and 
the  bodies  next  to  them,  inftantly  a  flafh  and  fnap 
arife.  1  he  longer  and  larger  the  fpace,  through 
which  both  electrical  matters  plentifully  expand 
themfelves,  the  longer  and  thicker  is  the  thunder- 
flafh.  How  by  art  to  imitate  this,  I  have  explained 
in  the  cited  Programme r,  p.  10—12. 

§.  414.  If  the  quarter,  in  which  the  thunder- 
flafh  is  produced,  is  impregnated  with  many  par¬ 
ticles  of  fulphur,  and  the  power  of  the  flafh  very 
great,  the  fulphur  is  fired  by  it.  And  even  this 

happens* 
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happens,  when  in  a  building  it  meets  with  matters, 
hat  may  be  eafily  fired.  The  firing  the  feeds  of 
uopodium  on  a  metal  is  an  indance,  when  metal 
nd  feeds  are  touched  by  an  electrical  flafh,  excited 
>y  art.  If  the  eledrical  matter  of  a  thunder- flafh 
las  little  fulphur  in  it,  and  on  the  contrary  is  mixt 
ip  with  matters,  that  prevent  the  firing ;  fuch  a 
iafh  paffes  through  catching  or  inflammable  things, 
without  fetting  them  on  fire.  Yet  notwith (landing, 
uch  a  cold  flafh  may  by  the  violence  of  the  eledricai 
natter  pierce  through,  and  break  in  pieces  firm 
>odies,  and  melt  glafs  and  metals. 

§.  415.  If  an  eleClrified  body  is  fo  diftant  from 
>ne  uneleClrified,  that,  though  the  eledrical  matters 
>f  both  bodies  ad  on  each  other,  yet  they  cannot 
:olle6l  themfelves  between  them  into  any  denfe  cyl¬ 
inder  ;  on  the  furfaces  of  both  bodies  there  arifes  a 
ight  only,  which  flreams  forth  in  diverging  lines 
vith  a  whizzing  noife  when  the  parts,  at  which  the 
ight  comes  forth,  run  to  a  point  (§  237.)  Such  a 
ight  and  flafhes  will  arife  on  iron  bars  on  buildings 
lit  the  time  of  a  thunder-dorm,  when  the  thunder- 
|:louds  are  at  fuch  a  didance  from  the  iron  bars, 
..hat  the  eledrical  matters  dream  out  of  the  bars 
md  clouds  againd  each  other,  but  thefe  dream¬ 
ing  matters  can  touch  each  other  with  their  ends 
only.  An  indance  to  this  purpofe  proreffor  Kqftner 
gives  in  the  Hamburg  magazine,  T.  9.  p.  3  -  9.  from 
he  Utrecht  French  gazette  of  the  year  1752.  On 
:he  deeple  of  the  church  at  Plauzat  in  Auvergne  is 
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an  iron  crofs  without  paint  or  varnifh.  The  ends 
of  this  crofs,  the  bars  of  which  projedl  about  two 
feet,  are  not  rounded,  but  formed  almoft  like  the 
French  lilies  with  fharp  points.  As  often  as  any 
great  ftorm,  accompanied  with  thick  clouds  and  re¬ 
peated  lightenings  happens ;  at  each  of  the  extre¬ 
mities  of  this  crofs  a  luminous  body  appears.  By 
a  tradition  immemorial  it  very  rarely  happens,  that 
the  thunder  breaks  in  at  Plauzat ,  or  thereabouts, 
when  this  appearance  fhews  or  will  fhew  itfelf.  So 
foon  as  it  has  appeared,  all  fear  vanifhes.  The 
three  mentioned  lights  have  colours  like  the  rain¬ 
bow.  Their  ground,  or  under  part,  is  round,  and  at 
the  upper  ends  they  run  tapering  like  cones.  Many 
times  they  laft  for  2 \  hours,  and  ftand  out  the  rain, 
fall  it  never  fo  heavy.  This  is  confirmed  by  all  the 
inhabitants  of  Plauzat ,  and  by  a  letter  of  the  parifh 
prieft  M.  Binon ,  who  lived  there  for  27  years,  and  is 
an  accurate  obferver.  Alike  light,  on  February  2„ 
1749,  juft  after  fix  in  the  evening,  was  obferved  oni 
the  fteeple  of  St.  Peter.  This  profefifor  Kaftner  relates: 
from  the  account  he  had  fent  him  by.  parfon  Lejfer 
in  Nordhaufen ,  in  the  Hamburg  magazine,  T.  7.  p.. 
420.  In  a  high  ftorm  of  wind,  which  came  more: 
from  the  north  than  weft,  with  much  fnow  and: 
hail,  on  the  fteeple  the  upper  points  of  the  iron,  on: 
which  the  mufick-piece  for  founding  was  placed,, 
had  ail  of  them  a  bright  flame.  But  one  ot  them* 
which  ftands  at  the  corner  to  the  fouth  at  the  knee, 

where  it  is  bent,  had  a  flame,  as  alfo  two  fiamdj 

above« 


Of  SOLID  BODIES. 

.bove  on  the  fcrew.  Both  thefe  flames  were  extin- 
ruiflied  feveral  times  with  a  finger,  but  began  again 
liredly  to  fhine,  on  removing  the  hand  that 

xtinguifhed  them.  This  light  had  not  the  leaf! 
[egree  of  heat.  If  one  went  into  the  wind  againft 
his  iron,  it  forbore  to  fhine,  and  that  fo  long,  till 
be  perfon  moved  out  of  the  wind  again ;  when  it 
;ave  forth  its  light  again  diredtly.  The  fhining  of 
be  faid  iron  laded  for  a  quarter  of  an  hour.  The 
ght  appeared  of  a  quite  pale  colour,  in  which  fome- 
vhat  bluilh  appeared  towards  the  iron.  The  height 
f  the  flame  was  i  -  inch,  and  the  breadth  §  inch, 
"he  flame  waved  not  with  the  wind,  but  flood  at 
ne  time  as  at  another.  The  light  made  fuch  a 
oife,  as  when  a  fmall  fly  hangs  and  buzzes  in  a 
aider’s  web.  This  buzzing  was  heard  in  1747  in 
road  day-light.  The  iron  alfo,  that  exhibited  the 
iree  flames,  fhone  bright  in  the  night  in  a  great 
orm  of  thunder  and  lightening.  To  both  thefe 
iftances  I  fhail  beg  leave  to  add  one  more,  com- 
lunicated  to  me  by  M.  Schwartz  in  1754,  as  he 
id  it  from  people  of  underflanding  and  credit.  It 
ippened  on  a  tower  of  a  caftle  belonging  to  the 
mily  of  Kreibiiz.  The  caille  lies  about  two  hours 
om  Naumburg  on  a  high  mountain,  at  the  foot  of 
hich  in  a  deep  valley  the  Saal  runs  by,  and  it  has 
70  towers,  one  of  which  flands  neared  the  afcent 
'the  mountain  and  the  water  running  by  below.  To 
iis  tower  the  inhabitants  of  the  place  have  for  a  long 
me  back  been  attentive,  when  a  thunder-dorm  has 

gathered  , 
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gathered  ;  as  at  that  time  a  flame,  in  form  of  one 
of  the  largeft  ftars,  has  appeared  over  the  knob  or 
ball  of  the  tower,  which  on  the  approach  of  the 
ftorm  ever  turned  bigger,  and  on  the  diftance  or  de¬ 
crease  thereof,  like  a  lamp,  whofe  oil  begins  to  fail, 
has  gradually  decreafed.  And  here  the  report  goes, 
that  formerly  on  feeing  this  flame  no  thunder-clap 
was  apprehended,  and  that  the  oldeft  perfons  living 
could  not  remember,  that  the  ftorm  had  ever 
fallen  on  this  eftate.  A  few  years  ago  the  owner 
took  down  the  old  knob  of  the  faid  tower,  and 
mended  it,  as  having  been  fliot  through  by  a  ball, 
after  raiflng  the  tower  fix  feet  high.  The  evening 
following  a  thunder- ftorm  arofe,  and  beat  into  the 
tower,  and  broke  to  pieces  the  wall  and  three  pil¬ 
lars«  But  above  the  knob  there  was  then  no  flame 
obferved.  Now  as  the  ftorm  fince  that  time  has  fal¬ 
len  five  times  on  this  eftate,  yet  without  firing, 
though  the  light  had  appeared  above  the  knob  of 
the  tower,  without  having  been  extinguished  by 
heavieft  rains  ;  fo  at  prefent  people  are  full  of  ap- 
prehenfions  for  what  they  otherwife  were  wont  to 
rejoice  at*,  as  commonly,  when  the  ftorm  ap¬ 
proaches  to  the  tower  on  a  certain  fide,  which  can¬ 
not  yet  be  fufficiently  determined  and  affigned,  a 
violent  clap  and  flafh,  yet  without  firing,  arife. 
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CHAP.  VII. 

Of  the  Height  of  the  Vapours. 

§.  416'.^"!"^  H  E  rarity  of  the  air  is  always  propor- 
A  tioned  to  its  diftance  from  the  earth 
(§.  1 15.)  And  at  a  certain  height  muft  be  fo  rare,  as 
to  be  unable  to  bear  any  more  vapours,  in  which  the 
rays  of  the  fun  may  be  refraCted  and  reflected,  where¬ 
by  the  twilight  arifes  (§.  38 6.) 

§.417.  Suppofe  the  particle  of  the  atmofphere, 
which  at  the  beginning  of  the  morning  and  end  of 
the  evening  twilight  reflects  the  impinging  rays  of 
the  fun,  to  be  at  A,  fig.  3.  plate  xi.  And  thus 
its  diftance  from  the  earth’s  furface  is  the  line  A  L, 
and  from  the  centre  of  the  earth  the  line  A  C,  which 
confifts  of  the  line  A  L  and  the  line  L  C.  The  line 
L  C  is  the  earth’s  femidiameter.  Could  we  therefore 
find  the  line  A  C,  we  might  find  the  line  A  L,  the 
diftance  or  height  of  the  reflecting  particle  of  air 
from  and  above  the  earth’s  furface,  on  deducting 
L  C  from  A  C. 

§.  418.  The  ray  of  light  EDA,  which  comes 
:  from  the  fun  under  the  horizon  into  the  atmofphere, 

1  forms  at  D,  where  it  touches  the  earth’s  furface,  with 
the  lineD  C,  the  femidiameter  of  the  earth,  a  right 
:  angle,  IVolfius's  Geometric  Element  a ,  §.309.  Were 
therefore  in  the  triangle  D  A  C  the  angle  at  A 
1  known,  the  line  A  C  might  be  found  by  the  follow¬ 
ing 
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Ing  proportion.  As  the  fine  of  the  angle  at  A  is 
to  the  earth’s  femidiameter  D  C,  fo  is  the  fine  of  the 
right  angle  at  D  to  the  line  A  C. 

§.  419.  The  angle  D  A  C  might  be  found,  were 
the  angle  at  C  known.  For,  the  angle  at  D  is  a 
right  angle,  or  =  90°,  and  confequently  already 
known.  If  the  iurn  of  two  known  angles  is  de¬ 
ducted  from  180,  the  fum  of  all  the  three  angles  of 
a  triangle,  there  remains  the  third  angle. 

§.  420.  The  reflected  ray,  which  touches  the 
earth’s  furface  at  O,  forms  at  O  with  the  line  O  C, 
the  earth’s  femidiameter,  a  right  angle.  The  lines 
B  C  and  O  C  are  mutually  equal,  as  being  femidia- 
meters  of  the  earth,  and  the  line  A  C  is  common  to 
both  triangles  A  C  B  and  AGO,  And  therefore 
the  angle  D  A  C  is  equal  to  the  angle  O  A  C,  and 
the  angle  B  C  A  equal  to  the  angle  O  C  A.  For, 
when  in  two  fimilar  triangles  ABC  and  A  O  C 
the  fide  D  C  =  O  C,  and  the  fide  A  C  =  A  C,  and 
the  angle  B  equal  to  the  angle  O,  both  oppofite  to 
fuch  a  fide  ACj  fo  alfo  is  the  angle  D  A  C  = 
O  A  C,  and  D  C  A  =  O  C  A,  IV ilfius’s  Element  a 
Geom.  (§.  235.) 

§.421.  Both  thefe  angles  DC  A  and  OCA, 
taken  together,  are  equal  to  the  angle  I  A  E,  which 
the  lines  I  A  and  E  A  form  at  A.  For,  the  angle 
I  A  E  with  the  two  angles  D  A  C  and  O  A  C  makes 
two  right  angles,  as  they  have  a  femicircle  for 
their  meafure.  The  two  angles  D  C  A  and  OCA 
with  the  two  angles  D  AC  and  O  A  C  alfo  make 
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two  right  angles.  But  the  fum  of  the  fix  angles  in 
two  triangles  is  equal  to  four  right  angles.  And 
thus  the  fum  of  the  angles  IAE-f  D  AC  and 
O  A  C  =  the  fum  of  the  angles  D  C  A  and  OCA 
-f  D  AC  and  O  A  C.  And  deducting  one  and 
the  fame  quantity  from  two  equal  quantities,  as 
here  D  A  C  and  O  A  C,  there  remain  equal  quan¬ 
tities.  And  confequently  both  the  angles  DC  A 
and  OCA  taken  together  are  equal  to  the  angle 

I  A  E. 

§.  422.  Now  as  the  angle  D  C  A  is  equal  to  the 
angle  OCA  (§.  420)  *,  fo  is  the  angle  D  C  A  =  f 
I  A  E.  If  therefore  I  A  E  were  =  170  28',  D  E  A 
would  be  =  8°  44'. 

§.  42  3.  The  angle  I  A  E  is  the  meafure  of  the 
fun’s  depreffion  under  the  horizon.  Properly  in¬ 
deed  the  ang’e  at  O,  which  is  formed  by  the  line 
I  O,  and  the  line,  that  may  be  drawn  from  O  to 
the  fun  S,  is  the  meafure  of  the  depreffion  of  the 
fun  under  the  horizon.  But  as  the  line  A  O,  in 
regard  of  the  great  diftance  of  the  fun  from  the 
earth,  goes  for  nothing,  we  may  inftead  of  the  angle 
at  O  take  that  at  A,  which  is  formed  by  I  A  and 
E  A.  When  the  fun  (lands  at  the  horizon,  his  rays 
run  parallel  with  it.  If  fomewhat  under  the  horizon, 
he  forms  with  the  apparent  horizon  10  at  A  an  acute 
angle.  And  come  he  to  be  more  depreffed  under  the 
horizon,  the  angle  at  A  will  be  lefs  acute,  and  con¬ 
fequently  greater.  And  thus  the  depreffion  of  the  fun 
under  the  horizon  may  be  meafured  by  fuch  an  angle. 

Voiffill.  -  G  §.424. 
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§.  424.  The  angle  I  A  E  at  the  end  of  the  even¬ 
ing  and  beginning  of  the  morning  twilight  is 
-  1 70  28.  For,  in  both  thefe  times  the  depreffion  of 
the  fun  under  the  horizon  is  about  180  (§.  386.) 
But  the  ray  of  the  fun  E  A  at  the  horizon  under¬ 
goes  a  refradtion  of  32  (§.  187.)  fo  that  deducing 
32'  from  1 8°,  there  remain  for  the  angle  I  AE 
170  28’. 

§.  425.  And  if  thus  the  angle  D  C  A,  half  of 
the  angle  I  A  E,  is  =  8°  44  (§.  422.)  the  angle 
D  A  C  is  =  8i°  1 6',  on  deducing  the  fum  of  the 
right  angle  at  D,  and  of  the  angle  D  C  A,  that  is, 
98°  44h  from  18 o°,  the  fum  of  all  the  three  angles 
in  the  triangle  A  D  C  (§.  419.) 

§.  426.  The  line  A  C,  the  diflance  of  the  par¬ 
ticles  of  vapour,  which  at  the  end  or  the  evening 
and  beginning  of  the  morning  twilight  refiedl  the 
rays  to  the  eye,  is  therefore  870  German  miles. 
For,  the  logarithm  of  the  fine  of  the  angle  D  A  C 
is  =  99949352,  the  logarithm  of  the  line  DC  = 
29344984,  and  the  logarithm  of  the  fine  of  the 
right  angle  at  D  =  100000000.  And  thus  (§.  418.) 
the  logarithm  of  the  line  AC  =  29395632.  The 
calculation  is  as  follows  : 

Log.  fine  D  A  C  =  99949352 

DC  =  29344984 

Sine  total  =  100000000 

AC  —  29395632 

This  logarithm  gives  870. 
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§.  427.  If  therefore  860  miles,  the  earth’s  femi- 
diameter,  be  deduded  therefrom,  A  L,  the  height 
of  the  refleding  vapours,  confifts  of  10  German 
miles  *. 


SECT.  IV. 

Of  animated  Bodies. 


§.428.  A  NIMATED  bodies  confift  of  folid 

and  fluid  parts  •,  the  firfl  in  general 
are  adapted,  by  means  of  their  make  and  configura¬ 
tion,  to  produce  peculiar  adions ;  and  fome  in  par¬ 
ticular  fo  fitted  for  the  purpofe,  as  by  the  fluid 
parts  moving  through  them,  inceflantly  again  to 
recruit  or  replace  the  wafte  of  the  matters,  of  which 
the  folids  confift.  Thefe  folid  parts  are  in  general 
called  organs  and  inftruments\  and  their  configuration 
and  difpofition,  organifm . 

§.  429.  In  fome  animated  bodies  there  appear  to 
be  fpontaneous  motions ;  in  others,  none.  The  bo¬ 
dies  of  the  laft  fpecies  are  called  vegetables,  or 
plants  ,  of  the  firfl,  animal. 

*  A  common  German  mile  is  to  a  common  Englffi  mile*,  & 
little  better  than  as  3  to  1. 
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MEMBER  I. 


Of  the  Motions  of  animated  Bodies. 


C  H  A  P.  I. 

Of  the  Sap,  and  of  its  Motion  in  Vege¬ 
tables  or  Plants. 

§.  430.  Y  N  vegetables  or  plants  are  three  forts  of 
A  veffels,  containing  fluids ;  viz.  fmall  holes 
or  orifices  in  the  fkins  or  rinds,  and  then  tubes,  and 
vehicles.  Into  the  fmall  holes  of  the  fkins  infinuates 
the  moifture,  coming  either  from  without  on  the 
plants,  or  rifmg  out  of  the  plants  into  the  air.  Some 
tubes  are  filled  with  air,  others  with  a  juice  or  fap  : 
as  both  may  be  feen  in  the  vine  and  mulberry-tree 
with  the  naked  eyes,  but  in  other  vegetables  by 
magnifying  glafies.  The  vehicles,  which  belong  to 
the  foft  matter  of  a  plant,  are  in  like  manner  filled 
with  a  fap.  So  in  the  thin  fiices  of  the  rind  of  a  le¬ 
mon  magnifying  glafies  fhevv  the  fap,  which  gives 
it  its  odour, 

§.431.  The  fap  in  the  tubes  and  vehicles  arifes 
from  the  moifture,  which  from  without  infinuates 
into  the  fmall  holes  or  orifices  of  the  rind,  and  chiefly 
out  of  the  earth  into  the  root,  (as  the  undermoft 
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part  of  the  plant,  flicking  in  the  earth)  and  fatu- 
rated  with  earthy  and  oleaginous  matters.  This 
rnoifture  goes  into  the  fap-du£ts,  which  we  may  re¬ 
present  to  ourfelves  as  fo  many  capillary  tubes 
(§.  54.)  turning  ever  gradually  finer,  the  nearer  they 
come  to  the  branches  and  boughs  and  top  of  the 
plant.  From  the  outmoft  extremities  of  thefe  ca¬ 
pillary  tubes  different  parts  of  the  fap  insinuate  into 
the  fmall  orifices  of  the  rind,  and  out  of  thefe  into 
the  air.  This  is  called  the  transpiration.  The  mat¬ 
ters  remaining  behind  give  the  plants  an  expanfion 
in  length,  breadth  and  thicknefs,  which  is  called 
their  growth. 

§.  432.  As  the  fap  cannot  fo  eaflly  and  readily 
come  out  of  the  veficles,  as  it  is  propagated  thro’ 
the  capillaries  ;  fo  the  different  matters  of  the  fap 
may  by  the  heat  be  more  fubtly  refolved  and  mixed 
together  in  the  veficles,  than  in  the  faid  capillaries. 
We  are  therefore  to  conflder  the  veficles  as  the  prin¬ 
cipal  organs,  in  which  the  parts  of  the  fap  are  fo 
changed,  that  from  it  a  mixt  matter  arifes,  adapted 
to  the  fpecies  and  nature  of  the  plant,  wherein  the 
preparation  happens.  We  have  reafon  to  afcribe  to 
the  force  of  a  plant  fuch  an  elaboration  and  change 
of  the  fap  *,  as  plants  of  different  fpecies  live,  grow 
and  bring  forth  fruit  in  one  and  the  fame  foil  :  if  an 
apricock  flip  is  engrafted  in  a  plum-tree,  it  notwith- 
ftanding  bears  apricocks,  though  plums  grow  on 
the  branches  of  the  plum-tree.  And  the  fluid  mat¬ 
ter,  which  the  plum-tree  takes  by  its  root,  and  im- 
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parts  to  the  apricock  flip,  muft  be  differently  pre¬ 
pared  in  this  laft,  from  what  it  is  in  the  plum-tree. 

§.  433.  The  afcent  of  the  fap  into  the  root  is  much 
quicker,  than  is  the  tranfpiration  from  the  furface  of 
the  tree  and  its  leaves.  And  this  furface  is  larger  by 
far  than  the  furface  of  the  root.  Rofe  therefore  the 
fap  into  the  root  not  quicker  than  it  tranfpires  from 
the  other  parts  of  the  plant  •  the  plant  would  foon 
come  to  decay  for  want  of  fap.  Dr.  Daks  cutting 
horizontally  acrofs  the  Hem  of  a  fun-flower,  which 
in  a  hot  day  had  loft  by  tranfpiration  30  ounces  of 
its  weight,  found  the  fedion  to  meafure  a  fquare 
inch  :  whereas  the  furface  of  the  leaves  contained 
5616  fquare  inches ;  fo  that  the  fap  muft  have  moved 
5616  times  quicker  through  the  Item,  than  it  was 
emitted  from  the  leaves  into  the  air. 

§.  434.  The  fap-duds  muft  be  therefore  extremely 
narrow.  For,  the  narrower  a  capillary  tube,  the 
quicker  riles  the  liquid  therein. 

C  H  A  P.  II. 

Of  the  Blood  and  its  Motion. 

§»435-  j\  N1MAL  bodies  are  of  two  forts  ; 

JL  5L  fome  confift  of  a  ftrudure  of  hard  and 
organical  parts,  or  bones,  which  are  cloathed  with  a 
loft  matter  or  flefh  :  but  in  others  no  bones  are  to  be 
found.  The  animal  bodies  without  bones  are  called 
infers ,  while  certain  Angle  parts,  which  ft  and  mutu¬ 
ally 
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ally  connected  together,  appear  to  be  feparated 
afunder  by  certain  infe&ions,  indentures,  or  in- 
cifions. 

§.  436.  The  fluid  matter,  by  whofe  motion  ani¬ 
mal  bodies  live,  is  the  blood  *,  which  chiefly,  in  the 
bodies  furnifhed  with  bones,  confifls  of  two  parts,  a 
water  or  ferum,  and  red  globules,  diuinguifhable  by 
the  magnifying  glafs. 

437.  The  vefiels,  in  which  the  blood  is  con¬ 
tained  and  circulated,  are  the  heart,  and  certain  tubes 
connected  therewith ;  fome  of  which  receive  the 
blood  from  the  heart,  others  again  carry  it  back 
thither.  The  Hrft  are  called  arteries  *,  the  fecond, 
veins.  The  heart  confifts  of  two  cavities  or  recep¬ 
tacles,  called  ventricles ,  which  are  parted  afunder 
by  a  partition  or  feptum.  Both  cavities  take  in 
blood,  on  dilating  themfelves  ;  and  both  expel  the 
blood,  on  contracting  themfelves.  In  the  time, 
that  one  cavity  by  the  contraction  or  fyftole  drives 
the  blood  into  an  artery,  it  can  admit  no  blood 
from  the  vein.  There  are  therefore  certain  ante- 
receptacles  called  auricles ,  in  which  the  blood,  com¬ 
ing  from  the  veins,  is  collected,  till  the  ventricle  of 
the  heart  again  dilates,  or  is  in  a  ftate  of  diaflole. 
The  right  ventricle  of  the  heart  has  its  blood  from 
the  vena  cava ,  and  conveys  it  into  the  pulmonary 
artery.  From  this  laft  it  goes  into  the  pulmonary 
vein,  which  conveys  it  to  the  left  ventricle  of  the 
heart.  From  this  again  it  is  fquirted  into  the  great 
artery  or  aorta ,  which  divides  itfelf  into  two 
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branches ;  one  of  which  carries  the  blood  to  the 
head,  the  other  to  the  under  parts  of  the  body. 
From  both  branches  arife  other  fm aller,  continually 
fubdivided  into  others  Hill  lefs.  From  thefe  fmailer 
arteries  the  blood  comes  into  fmall  ramifications  of 
the  veins,  and  from  thefe  into  (till  bigger  veins,  till 
it  is  again  carried  by  the  large  vena  cava  into  the 
right  ventricle  of  the  heart. 

§.  438.  This  running  round,  or  circulation  of  the 
blood,  in  which  it  is  carried  from  the  heart  to  the 
arteries,  and  from  thefe  again  to  the  veins,  and  from 
the  veins  back  again  to  the  heart,  may  be  difcovered 
partly  by  magnifying  glaiTes  in  the  tail  of  a  fmall 
filh  ;  partly  by  the  following  experiments.  If  an 

artery  is  tied,  it  fwells  towards  the  heart,  and  col- 

1 

lapfes  at  the  other  end  }  but  a  vein  thus  tied,  falls 
together  or  col  lapfes  towards  the  heart,  and  fwells 
towards  the  extremities. 

§.  439.  To  the  motion  of  the  blood  refpiration  is 
necefiary ;  which  is  performed  by  means  of  the 
lungs,  which  confid  of  perfectly  fmall  veficles,  into 
which  the  air,  by  virtue  of  its  elafticity,  forces  thro* 
a  tube,  on  the  bread’s  dilating  itfelf  ^  and  is  expel¬ 
led  out  of  the  veficles  of  the  lungs  through  the 
wind-pipe  or  trachea ,  on  the  bread’s  contrading  it¬ 
felf.  The  thing  itfelf  may  be  didindly  fhewn  by 
means  of  the  lung-machine. 

§.  440.  Though  the  eye  didinguidies  chiefly  in 
the  blood  a  ferüm  and  red  globules  only,  yet  the  fe~ 
veral  fpecies  of  matters,  to  be  found  in  the  whole 
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body,  are  mixed  together  in  it.  For,  from  the 
blood,  every  thing  in  an  animal  body  mufl  take 
its  rife.  But  the  federal  fecretions  happen  after 

that  the  blood  is  come  to  the  fm ailed;  tubes  : 

« 

and  thus  in  the  brain  the  nervous  juice  is  fecreted  ; 
in  the  glands  of  the  flomach,  the  gaftrick  liquor 
in  the  liver,  the  gall ;  in  the  mefentery,  a  juice  de¬ 
nominated  from  it ;  in  the  kidneys,  the  urine  in 
the  tefticles,  the  fperma,  or  feed. 

§.  441.  The  blood  is  formed  from  the  meat  and 
drink  we  take  in,  by  the  following  operations. 
After  that  the  meat  and  drink  are,  by  the  heat  of 
the  ftomach,  and  its  peculiar  liquor,  and  the  pref- 
fure,  which  refpiration  gives  it,  fufficiently  refolved 
and  mixed  together ;  they  are  forced  into  the  duo¬ 
denum,  and  there  mixed  with  the  gall  and  pancrea- 
tick  juice,  and  thereby  thinned  or  diluted  ;  and 
;  then  this  mixture  is  called  the  chyle,  or  nutritious 
juice.  It  infinuates  into  the  ladeals,  which  are  un- 
:  commonly  narrow.  From  the  ladeals  the  chyle  goes 
t  along  the  mefentery  into  the  receptaculum  chyli  *,  out 
(  of  this,  into  the  thoracick  dud,  and  from  this  into 
l  the  fubclavian  vein,  and  out  of  this  Jail  into  the 
s  vena  cava ,  which  conveys  it  into  the  right  ventricle 
I  of  the  heart. 
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CHAP.  ill. 

Of  Animal  Motion. 

§.  442.  PI  E  inftruments,  by  which  the  mo- 
A  tions  in  an  animal  body  are  perform¬ 
ed,  are  called  mufcles  ;  and  confift  of  three  princi¬ 
pal  parts,  viz.  the  head,  tail  and  belly.  The  head 
is  the  one  end,  towards  which  the  motion  happens  ; 
and  the  tail,  the  other,  and  moveable  end.  Head  and 
tail  are  called  tendons,  when  fattened  to  bones.  The 
belly  is  the  middle  part  of  the  mufcle,  and  confifts 
of  carneous  fibres,  difpofed  lengthwife,  and  crofled 
by  others  far  more  fubtle.  In  thefe  three  parts  arc, 
befides,  veins,  nerves  and  vefTels,  which  contain  a 
certain  kind  of  juice.  That  the  mufcles  are  the  or¬ 
gans  o"  motion,  appears  hence  ;  that  a  limb  becomes 
unfit  lor  motion,  on  tying  or  cutting  its  mufcle. 

§.  443.  But  the  mufcle,  in  order  to  perform  its 
motion,  muff  have  the  carneous  fibres  of  the  belly 
fliortened,  and  confequently  fwelled.  For,  hereby 
the  moveable  end  of  the  mufcle  moves  towards  its 
head.  To  the  caufes,  whereby  the  belly  of  the 
mufcle  fwells,  in  all  probability,  the  nervous  juice  is 
to  be  reckoned.  For,  a  mufcle  is  unfit  for  motion, 
on  making  a  ligature  on  the  nerve  going  to  it,  and 
thus  hindering  the  influx  of  the  nervous  juice.  But 
how  by  its  influx,  the  belly  of  a  mufcle  may  be 
fwelled  ?  different  opinions  have  arifen,  forne  main¬ 
taining,  that  the  carneous  fibres  are  fliortened,  in  the 
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manner  of  a  moiftened  rope,  by  the  infinuating  ner¬ 
vous  fluid,  as  being  diftended  in  breadth :  others 
imagining  the  blood -veffels  to  be  comprefied  by  the 
nervous  juice,  and  thus  the  mufcies,  on  account  of 
the  blood  reftrained,  necefiarily  to  fwell :  others 
again,  being  of  the  opinion,  that  the  blood  and  ner¬ 
vous  juice  are  mixed  together,  and  that  hereby  an 
eflfervefcence  arifes,  whereby  the  fmall  cavities  be¬ 
tween  the  carneous  fibres  are  diftended,  and  confe- 
quently  forced  afunder.  M.  Dan.  Bernouilli  pub- 
lifhed  in  the  Comment .  Petropoht.  T.  i.  A  tentamen 
novse  de  motu  mufculorum  theorize ;  in  which  the  fwel- 
ling  and  fhortening  of  the  mufcies  is  explained  in  a 
very  intelligible  manner.  A  flefhy  longitudinal 
fibre  confifts  of  fibrils,  which  form  a'"  hoi  low  cylinder. 
Reprefent  we  to  ourfelves,  fig.  5.  plate  vi.  a  num¬ 
ber  of  fuch  fibrils,  which  indeed  admit  not  eafily 
being  lengthened,  but  yet  their  cohefion  is  fo  fmall, 
that  the  outmoft  a  c  and  b  d  may  be  eafily  removed 
afunder.  Let  thofe  fibrils,  which  are  now  expanded 
on  an  even  furface,  be  fo  roiled  up  together,  that 
a  c  and  b  d  fhall  mutually  touch,  and  form  a  hollow 
cylinder.  And  in  this  manner  there  arifes  a  flefhy 
longitudinal  fibre,  fuch  as  is  reprefented  fig.  6. 
plate  vi.  The  cavity  of  fuch  a  flefhy  fibre  is  con- 
ftantly  filled  with  blood.  For,  not  only  a  branch 
of  an  artery  goes  to  each  mufcle,  but  the  mufcle 
alfo  has  a  certain  degree  of  rednefs,  which  vanifhes, 
on  forcing  lukewarm  water  into  a  mufcle  through 

o  o 

its  artery.  In  the  tendons  the  fibres  lie  clofer  to¬ 
gether. 
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gether,  and  confequently  admit  of  no  blood  into 
their  cavities ;  and  hence  they  appear  white.  The 
crofs  or  tranfverfe  fibres,  by  which  the  longitudinal 
fibres  are  bound  down,  are  parted  afunder  by  cer¬ 
tain  interfaces,  and  reprefented  fig.  5.  by  the  lines 
e /,  g  h ,  &c.  and  in  fig.  6.  by  the  circles  E  F,  H  G, 
&c.  By  thefe  circular  tranfverfe  fibres  the  cavity 
of  an  entire  longitudinal  fibre  is  divided  into  fe- 
veral  areas  or  fpaces  *,  fuch  as  the  fpace  E  F  G  IT, 
between  both  the  tranfverfe  fibres  E  F  and  G  H. 
Thefe  crofs  fibres  may  be  nothing  but  pure  flips 
ol  nerves,  as  being  tough  and  hard,  nor  eafily  ad¬ 
mitting  the  being  once  tore  afunder  with  a  needle. 

Now  in  order  to  fhew,  how  a  fmall  influx  ol  the 
nervous  juice  is  capable  of  making  the  cylindrical 
fpaces,  into  which  the  cavity  of  a  longitudinal  fibre 
is  divided,  to  expand  in  breadth,  and  become  bel¬ 
lied  :  you  may  reprefen t  to  yourfelf  the  fpace 
EFGH,  which  is  exprefifed  in  fig.  6.  under  the  form 
of  a  cylinder  apart,  fig.  7.  Let  its  bafe  be  E  F  M, 
or  H  G  N,  and  its  height  or  length  E  H,  or  M  N 
or  F  G  .  On  drawing  the  annular  fibrils  EM  F  and 
IT  N  G  fomewhat  together,  fo  as  to  a  flu  me  the  ob- 
Jong  figure  emf  and  bng,  fig.  8.  the  cylindrical 
figure  of  the  fpace  E  F  FIG,  fig.  7.  will  be  raifed 
and  bellied,  fig.  8.  The  fibres  e  p  b,  rnn ,  and  the 
others  retain  their  former  length,  as  they  admit  not 
eafily  of  being  lengthened.  The  internal  capacity 
of  the  fpace  or  area  remains  alfo  the  fame  ,  as  being 
filled  with  blood,  which  can  neither  be  expelled, 

nor, 
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nor,  in  the  manner  of  the  air,  reduced  into  a  nar¬ 
rower  fpace.  The  length  of  the  fpace  M  N  is 
fhortened,  fo  the  annular  fibrils  E  M  F  and  FING 
do  in  their  contraction,  whereby  they  acquire  the 
figures  e  mf  and  h  n  g,  aCl  againfi:  each  other.  But 
fo  the  length  of  the  fpace  is  fhortened,  its  middle 
will  be  widened  ;  fo  that  P  (^expands  to  p  q.  This 
fwelling  is  by  fo  much  the  eafier,  the  weaker  is  the 
cohefion  of  the  fiefhy  fibres  among  themfelves. 
That  the  annular  fibrils  may  be  contracted  by  the 
influx  of  the  nervous  juice,  appears  hence;  that  the 
cavities  of  the  annular  fibrils  are  uncommonly  final  1, 
and  thus  may  be  eafily  filled  by  the  nervous  juice. 
For,  though  it  be  highly  fubtle,  it  nuifl:  however 
occupy  a  certain  fpace.  And  that  it  actually  flows 
into  the  annular  fibrils,  is  in  particular  confirmed 
hereby,  that  as  was  mentioned  above,  they  are  flips 
deriving  from  nerves,  and  confequently  allow  a  free 
ingrefs  to  the  nervous  juice. 

For  the  fwelled  mufcle  to  ceafe  aCting,  and  there¬ 
fore  to  fink  down  or  collapfe  again  ;  the  nervous 
juice  mu  ft  return  back  from  the  annular  fibrils. 
Should  it  be  fuppofed  to  evaporate  in  them,  we  can 
fee  no  poflibility,  whence  a  conftant  frefh  fupply 
of  nervous  juice  could  be  generated  in  fo  large 
a  quantity,  as  is  however  neceflfary.  The  heart 
daily  contracts  above  a  hundred  thou  fand  times. 
How  large  a  quantity  therefore  of  nervous  juice 
muft  be  feparated  daily  from  the  meat  and  drink 
taken  in,  did,  at  each  contraction  of  the  heart,  the 

2  influent 
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I  .  .  '  , 

influent  nervous  juice  diffufe  itfelf  fully  through  the 
fibrils,  and  were  thus,  at  each  following  contraction, 
a  new  influx  in  equal  meafure  required  !  Let  us 
reckon  to  a  fingle  contraction  only  the  thoufandth 

part  of  a  grain.  How  rich  in  this  juice  muft  the 

\ 

aliments  be,  which  a  man  takes  in  a  day  !  The 

force,  whereby  the  influent  nervous  juice  is  repelled, 

is  the  elafticity  of  the  annular  fibrils.  The  caufe, 

*  * 

which  forces  it  into  them,  is  indeed  unknown.  But 
be  it  of  what  nature  it  will ;  fo  much  however  is 
clear,  that  a  mufcle  muft  continue  in  its  ftate  of 
contraction,  and  remain  fo  long  fwelled,  as  the  ac¬ 
tion  of  the  caufe,  which  impels  the  nervous  juice  in¬ 
to  the  tranfverfe  fibrils,  and  their  reaction,  which 
arifes  from  their  elafticity,  are  mutually  equal. 

As  the  fpaces  or  areas  of  the  mufcle  fwell  by  the 
blood  contained  in  them,  when  their  length  is  fhort- 
ened  :  we  hence  learn,  how  it  comes,  that  the  mo¬ 
tion  of  the  mufcle  ceafes,  on  making  a  ligature  on 
its  artery.  For,  as  the  blood-vefiels  conftantly 
carry  the  blood  from  and  to  the  heart ;  fo  the  fpaces 
are  emptied  of  blood,  and  have  no  frefh  fupply  of 
it  from  the  artery  under  ligature. 

In  the  tendons  no  fwelling  or  inflation  is  ob- 
ferved ;  as,  on  account  of  their  great  degree  of 
clofenefs,  no  blood  can  force  into  their  cavities. 

§•  444»  The  mufcles  are  homodromous  leavers, 
in  which  the  point  01  the  power  is  nigher  the  centre 
of  motion,  than  the  point  o i  the  weight.  For,  the 
power  oi  the  mufcle  is  in  its  belly,  and  the  centre  of 
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motion  at  its  head  ;  whereas  the  point  of  the  weight 
is  at  its  moveable  end  (§.  iq.) 

§.  445.  And  therefore  the  force  of  a  mufcle  is 
always  greater  than  the  force  of  the  weight,  conft- 
dered  in  and  of  itfelf,  without  being  fuftained  and 
moved  by  the  mufcle  as  a  leaver.  An  example  will 
explain  this  :  fuppofe  D  C  B,  fig.  9.  plate  vi.  to  be 
an  arm  extended  horizontally,  and  round  the  fingers 
of  the  fiat  hand  B  a  firing  to  be  flung,  at  which  in 
G  a  weight  R  hangs.  The  force,  whereby  this 
is  fuftained,  is  in  the  mufcles  D  C,  "which  extend 
with  their  tendons  from  the  fhoulder  D  to  the  place 
of  the  elbow  at  C.  At  0  is  the  centre  of  motion, 
and  confequently  the  perpendicular  line  0  I,  which 
may  be  drawn  from  0  on  the  line  of  direction  of  the 
tendon  C  I,  the  diftance  of  the  power  ;  and  the 
perpendicular  line  0  B,  which  may  be  drawn  from 
0  on  the  line  of  direction  of  the  weight  B  G,  the  dif¬ 
tance  of  the  weight  (  §.  19.)  The  force  of  the 
mufcle,  exerted  at  I,  is  therefore  to  the  force  of  the 
weight,  inverfely  as  the  diftance  of  the  weight  0  B 
to  the  diftance  of  the  power  0  I.  Borelli  in  his  book 
De  motu  Animalium ,  P.  1.  propof.  22.  writes,  that 
0  B  is  above  20  times  greater  than  0  I.  So  that 
t  the  force  of  the  mufcle  D  C  is  above  20  times  greater 
than  the  weight  R,  when  confidered  apart.  A 
ftout  young  man  may  with  his  fingers  hold  a  weight 
of  about  261b.  with  the  arm  extended  in  the  man- 
1  ner  above  defcribed.  Now  Borelli  hints  on  this  oc- 
cafion,  that  to  this  weight  we  are  ftill  to  reckon 
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the  half  weight  of  the  elbow  and  hand.  The  whole 
weight  is  to  be  fought  for  at  H  in  the  centre  of  gra¬ 
vity  of  the  elbow  and  hand,  as  a  leaver;  and  confe- 
quently  the  one  half  of  this  weight  to  be  reckoned  to 
a  half  of  this  leaver,  and  the  other  hall  of  the  weight 
to  the  other  half  of  the  leaver.  But  both  elbow 
and  hand  of  a  llout  young  man  weigh  4  lb.  And 
thus  to  the  weight  R  at  the  hand  there  flill  accrue 
2  lb.  And  therefore  the  force  of  the  mufcle  is  20 
times  greater  than  the  force  of  28  lb.  And  thus  if 
28  be  multiplied  by  20,  the  prod u 61  is  560.  In 
this  manner  the  force,  with  which  the  mufcle  draws 
the  elbow,  and  feeks  to  bend  it  upwards,  is  flronger 
than  the  force  of  560  lb.  on  confidering  them 
apart. 

§.  446.  But  though  the  motion  of  a  mufcle  can 
no  otherwife  happen  than  by  a  great  expence  of  the 
force ;  yet  this  expence  is  compenfated  by  the 
quicknefs  with  which  the  weight  moves.  For, 
the  velocity  of  the  weight  in  B,  for  inflance,  is  to 
that  of  the  force  of  the  mufcle  at  I,  as  the  diflance 
of  the  weight  0B  to  the  diflance  of  the  force  0  I 
(§•  31 .)  So  that,  in  this  example,  the  motion  of 
the  weight  is  20  times  quicker  than  the  motion  of 
the  power. 

§.  447*  As  the  force,  with  which  a  fwelled  muf¬ 
cle  a6ls,  arifes  from  the  nervous  juice  infinuating 
into  the  tranfverfe  or  annular  fibres ;  it  remains  to 
enquire,  how  the  force  of  the  mufcle  can  be  there¬ 
by  fo  great ;  as  this  juice  is  fo  fubtle,  as  not  to  be  1 
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diftinguifhable  by  the  naked  eye.  A  matter  may  be 
iubtle  and  invifible,  and  yet  be  very  ftrong  in  its 
effeds,  as  appears  from  the  power  of  the  air  and  of  the 
magnetick  matter.  As  the  cavity  of  a  mufcle  is 
divided  into  feveral  fpaces  by  the  annular  fibrils,  the 
degree  of  power*  with  which  a  mufcle  fwells,  ariles 
from  the  number  of  the  fingle  forces,  with  which 
the  fingle  annular  fibrils  are  contracted  by  the  in¬ 
fluent  nervous  juice.  And  though  its  force  in  a 
fingle  fibril  is  final!,  yet  the  force  of  the  whole  muf¬ 
cle  may  be  very  great,  when  the  number  of  the  faid 
fibrils  is  alfo  very  great.  As  force  and  action  are 
mutually  proportional,  or  the  intenfenefs  of  the 
force  may  be  judged  of  from  the  greatnefs  of  the 
action  or  effect ;  fo  the  degree  of  power  of  the 
nervous  juice,  which  infinuates  into  the  tranfverfe 
fibrils  of  a  fingle  fpace,  might  be  eftimated,  could 
we  find  the  proportion  of  the  diameter  of  the  dis¬ 
tended  fpace,  to  its  half  height,  By  propofition 
1 17  of  Borelli  s  book  De  motu  Animalium ,  P.  1.  this 
matter  may  be  exhibited  as  follows  :  let  two  firings 
be  faftened  together  at  A  and  B  fig.  10.  plate  vi. 
and  the  upper  part  with  a  nail  X  a  an  immoveable 
body,  hanging  on  at  the  under  part  a  weight  Z. 
Let  the  one  firing  A  C  B  be  pulled  in  the  middle 
at  C  towards  F  ;  and  the  other  in  the  middle  at  D 
towards  G.  The  forces  pulling  towards  F  and  G 
are  to  the  force  of  the  weight  Z,  as  the  line  of  dif- 
tance  C  D  is  to  A  E,  half  the  length  of  A  B  from 
the  point  A  to  B.  For,  if  you  remove  afunder 
Vol*  IL  H  both 
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both  firings  from  the  middle  line,  in  which  they 
touch  each  other  ;  each  firing  has  the  form  of  two 
inclined  planes.  And  thus  if  the  firing  A  C  B  be 
pulled  from  the  line  A  E  B  towards  the  point  F, 
there  arife  the  inclined  planes  ACE  and  BCE. 
The  length  of  the  firfl  is  A  E,  and  of  the  fecond 
B  E,  and  the  height  of  both  is  C  E.  But  AE  = 
B  E,  as  the  point  C  is  in  the  middle  of  the  firing. 
Did  the  force  at  C  and  the  weight  Z  barely  a£l  on 
the  inclined  plane  BCE  again  ft  each  other ;  the 
force  would  be  to  the  weight,  as  the  height  C  E  to 
to  the  length  BE  (§.  24.)  Suppofe  C  E  to  B E  as 
2  to  2.  And  thus  two  pounds  in  Z  might  be  fuf- 
tained  by  one  in  C.  But  as  the  force  C  a<fts  by  means 
of  two  inclined  planes,  whofe  lengths  are  mutually 
equal ;  it  fhould  feem,  as  if  the  power  in  C  were 
to  the  weight  in  Z,  as  the  height  C  E  to  the  double 
length,  that  is,  to  A  B,  and  confequently  as  1  to  4. 
So  that  it  appears,  as  if  the  two  pound  weight  could 
be  fuftained  by  a  power  of  half  a  pound.  For,  { lb. 
is  to  two  whole  pounds,  as  1  to  4.  But  the  power 
at  C  muft  a£t  not  only  againft  the  refiftance  which 
Z  caufes,  but  alfo  againft  the  refiftance  at  the  nail 
X.  This  refiftance  is  as  great  as  the  refiftance  atZ. 
And  thus  if  the  power  at  C  a6ls  by  means  of  thefe 
two  inclined  planes,  you  muft  take  the  height  C  E 
twice,  and  one  time  compare  it  with  A  E,  and 
another  with  the  equal  length  B  E.  So  that  it  is 
all  one,  as  if  the  power  adled  by  means  of  an  inclined 
plane,  whofe  length  were  A  E  B  and  height  C  E 

taken 
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taken  double.  And  C  E  taken  double  is  to  A  E  B, 

as  2  to  4,  when  C  E  is  to  B  E  as  i  to  2.  But  2  is 

l  *  ■' 

to  4,  as  1  is  to  2.  And  therefore  it  is  a  neceftary 
confequence,  that  the  power  in  C  is  to  the  weight  in 
Z,  as  the  height  C  E  to  the  length  BE;  as  being 
half  the  diftance  from  the  point  A  to  the  point  B. 
In  like  manner  it  may  be  fhewn,  that  the  power  at 
D  is  to  the  reiiftance  of  the  weight  Z,  as  D  E  to 
B  E.  And  thus  when  both  forces  a£t  together 
againft  Z,  the  power  of  both  taken  together  againft 
the  refiftance  of  the  weight  is,  as  the  line  of  width 
C  D,  which  contains  in  it  the  heights  of  both  in¬ 
clined  planes,  to  the  length  B  E,  or  to  the  length 
A  E,  equal  thereto,  as  being  the  half  of  A  B.  Sup« 
pofe  C  D  to  be  the  thoufandth  part  of  A  E,  Z 

might  contain  1000  lb.  and  yet  be  funained  by  i  lb. 
fo  a  half  pouud  adted  from  C  to  F,  and  a  half  pound 
from  D  to  G,  or  nretched  and  pulled. 

Suppofe  two  firings  to  be  bound  not  only  above 
at  A  and  below  at  C,  fig.  n.  plate  vi.  but  alfo  in 
the  middle  at  B,  in  fuch  a  manner  as  within  the 
binding  to  admit  of  being  drawn  to  and  fro.  Drive 
nails  at  D,  E,  F  and  G  into  the  board,  at  which  the 
firings  hang  down,  and  fo  flretch  the  firings  afunder, 
as  to  lie  witnoutfide  the  nails  at  D,  E,  F  and  G. 
If  you  crofs  the  firings,  in  removing  them  afunder, 
you  need  no  binding  at  B.  Both  the  intermediate 
diftances  D  E  and  F  G  may  be  equal,  and  equally 
diftant  from  the  point  B.  Rofe  therefore  the  weight 
an  inch  high  by  one  fingle  fuch  widening  of  the 
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firings,  it  would  rife  two  inches  high  by  the  faid 
two  widenings.  And  thus  the  greater  number  of  fuch 
widenings  were  made,  the  higher  would  the  weight 
be  raifed.  For  inftance,  according  to  fig.  12.  there 
are  eight  equal  widenings,  and  the  weight  comes 
eight  times  as  high  as  when  there  is  a  fingle  widen¬ 
ing  only.  But  by  the  number  of  equal  widenings 
you  fave  no  power.  For  inftance,  in  fig.  12.  the 
two  firings  are  crofted  into  eight  checkered  fpaces. 
And  confidering  them  fingle,  and  apart,  in  each 
the  power  is  to  the  weight,  as  the  line  of  width  to 
the  half  length  of  the  fpace,  as  was  at  firft  fhewn. 
And  therefore  taking  all  the  eight  fpaces  together, 
the  powers  taken  together  in  them  are  to  the  weight, 
as  eight  fuch  lines  of  width  to  eight  fuch  half 
lengths.  Suppofe  a  line  of  width  to  be  one,  and  a 
half  length  two  inches  ;  the  forces  together  would 
be  to  the  weight,  as  eight  to  1 6.  Did  therefore  the 
weight  R  weigh  1 6  lb.  you  mu  ft  have  8  lb.  for  the 
power.  If  you  take  the  undermoft  fpace  alone, 
1 6  lb.  indeed  may  be  fuftained  on  letting  eight  half 
pounds  a6l  on  each  fide  thereof,  and  thus  eight 
whole  pounds  together.  For,  the  power  in  each 
fpace  is  to  the  weight,  as  the  line  of  width  to  the 
half  length  thereof.  But  thence  we  are  not  to  con¬ 
clude,  that  by  connecting  the  eight  fpaces,  the 
powers  would  be  put  in  fuch  a  condition,  as  to 
render  the  eighth  part  only  of  the  powers,  which 
a6t  fingly  in  the  undermoft  fpace,  neceflary.  For, 
by  the  eightfold  widening,  the  length  from  below 
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upwards  is  eight  times  fhorter.  And  thus  if  we 
confider  the  connexion  of  all  the  eight  fpaces,  as  a 
Tingle  inclined  plane,  and  take  in  each  fpace  the 
line  of  width  one,  and  the  half  length  two  inches,  the 
the  height  of  this  compound  inclined  plane  is  to  the 
length  as  8  to  16.  And  if  thus  the  i61b.  weight 
rifes  eight  times  higher  by  the  eightfold  widening, 
you  have  juft  eight  lb.  to  apply  for  the  forces, 
whereby  it  is  to  be  fuftained,  as  you  required  in  the 
tmdermoft  fpace  alone ;  when  the  height  which 
1 6  lb.  were  to  be  fuftained  at,  was  the  eighth  part 
only  of  the  height,  to  which  it  was  raifed  by  the 
eightfold  widening.  Yet  though  by  the  number 
of  equal  widenings  no  power  is  faved,  there  notwith- 
ftanding  accrues  a  double  advantage  therefrom. 
For,  firft,  the  length  of  the  firing  is  fhortened  To 
many  times,  and  confequently  the  weight  raifed 
fo  many  times  higher,  as  are  the  number  of  widen¬ 
ings.  Secondly,  as  the  forces  may  be  always  ap¬ 
plied  at  the  greater  number  of  places,  the  more 
widenings  there  are ;  fo  in  the  cafe,  where  a  certain 
force  cannot  be  applied  to  a  Tingle  place,  much 
fmaller  forces,  as  parts  thereof,  may  be  made  to  a6l 
at  different  places.  For,  the  force  of  an  eight  pound 
body  cannot  by  the  alone  help  of  the  undermoft 
fpace  in  the  figure,  fuftain  a  1 6  lb.  weight  eight 
inches  high,  for  inftance.  But  yet  it  may  be  done 
by  eight  Tingle  pounds,  when  applied  to  eight  fuch 
fpaces,  mutually  connedled. 
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Laflly,  What  cannot  be  efifedled  by  help  of  the 
checkered  fpaces  of  two  firings,  may  by  two,  three, 
and  more  pairs  of  firings,  and  mutually  fo  crofled, 
that  the  fpaces  thereby  arifmg  fhall  exhibit  the 
rnefhes  of  a  net,  fig.  13.  plate  vi.  Suppofe  there 
were  three  pair,  each  equal  to  the  other  in  number, 
magnitude  and  floutnefs  of  fpaces.  Now  if  a  pound 
power  be  in  a  condition  to  fuflain  two  pound 
weight  at  a  certain  height  by  the  fpaces  of  the  one 
pair  ^  by  a  three  pound  power  would  be  fuflained  a 
fix  pound  weight  at  the  faid  height. 

When  the  fpaces  of  a  flefhy  fibre  are  according  to 
Bernoulli? s  explication  fo  expanded,  that  in  each  the 
diameter  of  the  breadth  p  q^  fig.  8  and  7.  plate  vr. 
is  greater  than  the  diameter  P  Qpn  the  unexpanded 
fpace :  this  expanfion,  indeed,  happens  by  no  fuch 
forces,  as,  according  to  Borell? s  diredtion,  are  to  be 
applied  externally  to  the  firings,  in  order  to  draw 
them  afunder.  But  what  is  performed  by  the  exter¬ 
nal  forces  in  the  cafe  of  the  firings,  is  in  the  cafe  of 
the  flefhy  fibres  performed  by  the  nervous  juice, 
when  the  annular  fibrils  are  contradled  by  its  in¬ 
flux.  The  more  therefore  there  are  of  fuch  annular 
fibrils,  whereby  a  flefhy  fibre  is  divided  into  certain 
fpaces,  the  nervous  juice  may  adl  on  the  more 
places.  And  if  thus  a  fmall  portion  of  the  nervous 
juice  forces  diredlly  into  a  Angle  annular  fibril, 
many  fuch  portions  adl  together  on  many  fibrils. 
And  if  fuch  a  portion  of  the  nervous  juice  has  a 
fmall  quantity  of  matter,  fo  on  the  contrary  its  mo¬ 
tion 
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tion  is  the  quicker,  as  the  niufcle  begins  direftly  to 
zd,  fo  foon  as  the  foul  defires  it  fhould.  But  the 
quicker  the  motion  of  a  body,  the  intenfer  its  ac¬ 
tion  (§.  37.)  As,  laftly,  a  muicle  confifts  of  feve- 
ral  flefhy  fibres,  fo  there  is  a  greater  quantity  of 
the  quick  influent  parts  of  the  nervous  juice. 


MEMBER  II. 

Ol  the  Organs  of  Sense. 

CHAP.  I. 

Of  the  feveral  Species  of  the  Organs  of 

Sense. 

§.  448.  A  Ö  ^  H  E  S  E  organs  confift  in  a  combina- 
JL  tion  of  nerves  and  other  parts  and 
matters  of  an  animal  body ;  in  which  the  nerves  are 
adapted  to  be  fo  touched  or  excited,  that  the  foul, 
inhabiting  the  animal  body,  diredtly  perceives  the 
motion  arifing  in  the  nerves.  The  fkin  of  an  ani¬ 
mal  body  is  full  of  nerves,  fo  united  together,  as  by 
the  magnifying  glafs  to  appear  as  fo  many  papilla, 
on  feparating  the  cuticle,  with  which  they  are  co¬ 
vered.  So  foon  as  this  cuticle  is  pufhed  or  preffed, 
or  hurt  by  a  body,  the  fubjacent  nervous  papilla  are 
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irritated,  and  the  foul  has  a  fenfation  thereof,  which 
is  called  the  touch .  The  tongue  is  covered  with 
three  tunicles,  of  which  the  undermoft  is  the  fineft, 
called  tunica  papillaris  nervofa ,  as  in  it  the  nerves  in 
like  manner  run  together  into  papilla.  And  thefe, 
if  touched  by  the  moveable  parts  of  the  meat  and 
drink,  caufe  in  the  foul  the  fenfation,  called  the 
tafle  y  yet  there  are  other  parts  befides,  in  the  mouth, 
as  the  gums,  that  belong  to  the  organ  of  talle.  The 
cavities  and  inner  part  of  the  nofe  are  encompaifed 
with  a  mucous  tuniele,  full  of  nerves.  When  thefe 
are  touched  by  the  fulphureous,  faline  and  other 
fharp  effluvia,  which  move  up  and  down  in  the  air, 
there  arifes  in  the  foul  the  fenfation  of  fmelling. 

§.  449.  The  ear,  by  who.fe  means  the  foul  per¬ 
ceives  found,  confifts  of  the  following  parts,  whofe 
nature  and  combination  form  the  organ  of  hearing. 
In  the  external  part  are  feverai  grooves  and  cavities, 
which  catch  the  found.  The  deepeft  is  called  the 
concha ,  from  which  the  found  is  conveyed  into  a 
winding  tube,  partly  cartilaginous,  partly  bony, 
called  the  meatus  audit orius.  This  meatus  is  the  be¬ 
ginning  or  fore  part  of  the  internal  ear,  or  of  its 
inner  part.  Behind  at  the  end  of  the  meatus  audito - 
rius  lies  what  is  called  the  tympanum  or  drum,  which 
has  a  thin  membrane,  ftrung  with  a  nerve  drawn 
underneath  over  an  oval,  excavated,  bony  barrel. 
And  there  we  find  three  little  bones  conneded  toge* 
eher,  the  malleus  or  hammer,  the  incus  or  anvil,  the 
fiapes  or  flirrup.  The  hammer  lies  on  the  anvil,  and 

the 
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the  anvil  refts  on  the  ftirrup.  If  now  the  membrane 
of  the  drum  is  irritated  by  a  vibration  of  the  exter¬ 
nal  air,  thefe  auditory  bones  are  bent.  The  ftirrup 
has  its  place  in  an  aperture,  called  the  feneßra  ovalis , 

And  then  follows  the  labyrinth ,  or  the  innermoft 
winding  cavity,  in  a  very  firm  bone,*,and  confifts  of 
three  parts,  the  veflibulum  or  entrance,  the  three 
femicircular  channels,  and  the  cochlea .  The  vefli - 
bulum  is  the  middle  cavity  of  the  labyrinth ;  into  it 
goes  the  faid  feneßra  ovalis .  Alfo  the  three  femicir¬ 
cular  conduits  have  by  five  different  holes  a  com¬ 
munication  with  the  vefiibulum  or  the  middle  cavity 
of  the  labyrinth.  Next  the  cochlea ,  which  has  two  or 
more  fpiral  windings,  goes  an  aperture,  which  is 
ftretched  over  with  a  membrane,  and  called  the 
feneßra  rotunda .  All  the  fides  and  furfaces  of  the 
labyrinth  are  lined  with  an  extreme  fine  nervous 
membrane,  which  vibrates,  when  the  external  undu¬ 
lating  air  flrikes  on  the  membrane  of  the  drum, 
and  thereby  puts  into  motion  the  auditory  bones. 

§.  450.  The  eye,  in  which  the  motions  of  light 
render  bodies  vifible  to  the  foul,  is  a  ball,  which 
chiefly  confifts  of  five  tunicles,  and  contains  three 
ij  forts  of  humours  Externally  are  two  tunicles,  which 
give  firmnefs  to  the  eye,  for  the  other  tunicles 
with  the  humours  to  remain  fteady  in  their  place. 

The  one  of  thefe  two  tunicles  forms  the  fore  part  of 
: > the  eye  or  ball,  and  is  called  the  cornea  \  and  is 
i  tranfparent,  and  covered  with  a  white  membrane, 
l  i palled  the  adnatay  which  renders  the  eye-ball  fmooth. 

The 
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The  other  forms  the  hinder  part,  and  is  called  the 
fclerotica ,  and  is  opake.  Under  thefe  two  mem^ 
branes,  conne&ed  with  each  other,  are  two  others, 
which  in  like  manner  join  together ;  of  which  the 
fore  moil  lies  under  the  cornea ,  and  is  called  the 
uvea  i  and  the  hindermoft  has  its  place  under  the 
fclerotica ,  and  is  called  the  choroides .  In  the  uvea  is 
a  round  hole,  called  the  fight  or  pupif  and  wider  in 
a  weak  light,  and  narrower  in  a  flrong.  Round  the 
fight  goes  a  coloured  circle,  which  appears  through 
the  cornea ,  and  is  called  the  iris.  At  the  hinder  part 
of  the  inner  cavity  of  the  eye,  under  the  chorcidesy 

is,  laftly,  the  retina ,  which  is  weaved  of  nervous  fi¬ 
brils,  arifing  from  the  optick  nerves.  The  three 
humours  of  the  eye  have  the  following  names  \ 
one,  the  aqueous  \  the  fecond,  the  vitreous ;  and 
the  third,  .the  cryfialline.  The  aqueous  fills  the  fore 
part  of  the  eye  under  the  cornea ,  and  is  like  a  clear 
water,  and  by  its  humidity  keeps  the  cornea  tranf- 
parent,  and  the  uvea  moveable.  The  vitreous  hu¬ 
mour  is  quite  clear  and  tranfparent,  and  foft  like  a 
jelly,  and  behind  fills  up  the  greatefl:  fpace  in  the 
cavity  of  the  eye,  and  holds  the  retina  expanded  on 

it.  Between  the  vitreous  and  aqueous  humours  lies 
the  cryfialline  ;  which  in  like  manner  is  tranfpa¬ 
rent,  and  refembles  a  burning-glafs  convex  on  both 
Tides.  It  is  encompafled  with  a  very  fine  membrane, 
called  the  arachnoides ,  ferving  to  prevent  both  the 
other  humours  from  mixing  therewith.  And  the 
vitreous  humour  alfo,  to  prevent  its  being  difturbed, 

is 
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Is  in  like  manner  inclofed  in  a  fine  membrane,  called 

the  by  abides. 


CHAR  II. 

How  we  fee  by  the  Eye. 


§.  45 1 0  r  ip  H  E  rays  of  light,  which  come  from 
i  a  body  to  the  retina ,  form  an  image 
thereon,  which  exhibits  to  another  eye  the  body  re- 
verfed.  For  inftance,  on  the  hinder  part  of  an  eye 
near  the  optick  nerve  cutting  off  a  piece  of  the  file- 
rotica ,  and  leaving  the  retina  expanded  behind  ;  if 
you  hold  this  eye  againft  a  burning  candle,  fo  that 
its  rays  fall  through  the  cornea ,  and  look  behind  at 
the  retina  laid  bare  on  the  eye  j  you  fee  the  point 
pf  the  image  of  the  flame  of  the  candle  formed 
thereon,  turned  downwards.  One  of  the  principal 
caufes  of  the  inverted  image  is  the  refradlion  of  the 
incident  rays  in  the  three  humours,  particularly  in 
the  cryftalline.  For  this  laft  being  on  both  Tides  con¬ 
vex,  in  the  manner  of  a  convex  lens,  it  muft  fo  re¬ 
fract  the  rays,  which  fall  upon  it  from  a  body,  as  that 
the  upper  ones  fhall  go  behind  it  downwards  ;  and 
the  under,  upwards  ;  and  thofe  coming  from  the  left 
hand,  go  to  the  right  ;  and  thofe  from  the  right,  to 
the  left, on  the  retina  (§.  202).  But  alfo  in  the  abfence 
of  the  cryftalline  humour,  external  bodies  muff  ap¬ 
pear  inverted  on  the  retina ,  when  they  are  bigger 
than  the  fight  or  pupil  (§.  149.) 

§.  452, 
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§.  452.  Notwithftanding  this,  the  foul  through 
her  own  eye  fees  the  external  body  delineated  in  it, 
in  that  pofition  in  which  it  is  without  the  eye.  The 
reafon  whereof  is  to  be  fought  for  in  the  reaction 
of  the  nerves  on  the  rays  of  light,  falling  on  them. 
But  the  nerves  read  in  the  lines,  in  which  the  rays 
of  light  ad  on  the  nerves.  For  inflance,  fuppofe  in 

F,  fig.  13.  plate  hi.  to  be  the  focus  of  the  cryftal- 
line  humour,  and  behind  it  in  C  O  to  be  the  retina , 
Before  the  eye  let  the  line  O  M  B  C  have  its  pofi¬ 
tion.  Now  ad  the  ray,  which  comes  from  the 
point  C  into  the  eye,  in  the  line  C  N  C,  on  the 
point  C  of  the  retina  \  this  point  C  reads,  along  CNC 
againft  the  luminous  point  C  to  the  right.  And 
thus  the  foul  fees  to  the  right  the  extremity  C, 
which  adually  ftands  to  the  right.  Ad  the  ray, 
falling  from  the  other  extremity  of  the  line  O  M  P  C 
along  the  line  OKO  on  the  point  O  of  the  retina  5 
this  point  O  ads  along  the  line  OKO.  And  thus 
the  foul  fees  to  the  left  the  extremity  O,  which  has 
adually  its  place  to  the  left.  In  this  manner  the 
points  of  the  line  O  M  B  C  mufl  appear  in  thq 
fituation,  which  they  adually  have. 

§.  453.  One  fees  a  thing  diftindly,  when  he  can 
diftinguifh  the  different  parts  thereof  from  each 
other.  And  in  order  that  this  may  happen,  in  the 
firfl  place,  in  the  image  of  a  body  on  the  retina , 
each  part  of  it  mufl  be  exhibited  diftind  with  a  cer¬ 
tain  degree  of  intenfenefs  •,  and  fecondly,  none  of  the 
irnages  of  the  fmgle  parts  muft  be  blended  with  the 
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images  of  other  things.  This  laft  is  avoided,  if  not  only 
accefs  is  denied  to  adventitious  light,  that  may 
convey  images  of  other  things  into  the  eye  •,  but  al- 
fo  if  the  light  incident  on  the  internal  furface  of  the 
eye  can  be  little  or  nothing  reflected, and  come  on  the 
retina .  This  refiedtion  is  prevented  by  the  black  co¬ 
lour  of  the  cboroides ,  and  the  ingrefs  of  adventitious 
light  by  the  nature  of  the  pupil,  as  being  partly  a 
narrow  aperture,  and  partly  contradbng  itfelf  on  a 
great  flow  of  light  to  it.  Alfo  both  the  external  tu- 
nicles  are  fo  denfe  or  clofe,  that  no  light  can  inli- 
nuate  through  them  into  the  cavity,  in  which  the 
vitreous  and  cryfballine  humours  lie.  To  the  parti¬ 
cular  reprefentation  of  the  fmgle  parts  of  a  body  on 
the  retina ,  and  to  that  degree  of  intenfenefs,  where¬ 
by  the  nerves  of  the  retina  are  fufficiently  irritated, 
partly  the  purity  and  tranfparency  of  the  cornea 
and  of  the  three  humours,  partly  the  due  diftance 
of  the  retina  from  the  cryftalline  lens,  are  necefTary. 
If  in  the  aqueous  humour  there  is  a  matter,  which 
fettles  like  a  pellicle  or  film  before  the  cryitalline 
humour,  and  obftrudts  the  pupil,  it  is  called  a  cata¬ 
ract.  But  if  the  cryftalline  lens  is  become  opake, 
this  diforder  is  called  a  glaucoma.  If  the  glaucoma , 
or  cryftalline  lens  become  opake,  is  deprefifed  by  the 
couching-needle,  the  patient,  after  compleating  the 
i  cure,  requires  convex  fpedtacles,  in  order  to  fee  di~ 
ftindtly.  For,  by  the  refradlion,  which  the  rays 
undergo  in  the  cryftalline  humour,  they  become  di¬ 
verging  behind  it,  which  is  necefTary  in  order  to  di- 
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ftinguifh  the  parts  of  a  body*  from  which  the  rays 
come  into  the  eye.  And  thus  come  the  cryltalline 
iens  or  humour  to  be  wanting,  the  rays  will  be  more 
diverging,  and  hereby  form  an  undiftindt  image. 
But  if  convex  fpedbacles  come  before  the  eyes,  the 
rays  are  fo  refradted  through  them,  that  they  run  to 
the  retina  fo  wide  afunder,  as  if  they  palled  through 
the  cryltalline  humour.  So  that  a  man,  in  whofe 
eye  a  filmy  cataradt  has  been  deprefied  or  couched, 
can  fee  diftindtly  without  fpedtacles.  When  the  op- 
tick  nerve  and  the  retina  lofe  their  fenfe,  the  blind- 
nefs  thence  arifing  is  called  gutta  ferena .  As  to  the 
difference  between  the  glaucoma  and  cataradt,  Mery 
and  de  la  Hire  in  the  memoires  of  the  academy  of 
fciences  for  the  years  1707  and  1708  give  good 
hints  to  that  purpofe. 

CHAP.  III. 

Of  the  Short-sighted  and  the  Aged. 

§.  454.  np  W  O  perfons  A  and  B  may  view  a 
JL  body  C  at  one  and  the  fame  diftance 
—  D.  And  the  perfon  A  may  fee  it  diftindtly,  and 
B  undiftindtly.  Both  of  them  may  approach  the 
body  C  in  equal  proportion.  If  the  perfon  A  fee 
the  body  undiftindtly  on  approaching  to  it,  he  is 
called  a  preßyta ,  who  better  diftinguilhes  one  and 
the  fame  thing  at  a  diftance  than  near  at  hand.  On 
the  other  hand,  if  the  perfon  B,  on  approaching* 
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fee  the  body  C  diftindtly  ;  he  is  called  a  my  ops,  or 
purblind,  who  better  diftinguiihes  one  and  the  fame 
thing  near  at  hand  than  at  a  diftance.  The  nature 
of  the  preßyta  and  myopes ,  and  the  caufes  of  their  fe- 
veral  defedls,  Sturmius  has  fully  explained  in  his  Phi - 
lofophia  ecteäica ,  T.  2.  Exercitatio  10. 

§.  455.  The  rays,  flowing  from  a  luminous  point, 
run  indeed  diverging  *  but  if  the  diameter  of  the 
furface,  on  which  they  fall,  is  as  little,  as  the  dia¬ 
meter  of  the  ray  in  the  eye,  they  appear  to  be  left 
diverging,  and  confequently  more  parallel,  when 
the  objedt  is  diftant  from  the  furface  :  and  on  the 
contrary,  their  divergency  to  increafe,  when  the  ob¬ 
ject  comes  nearer  to  the  furface  (§.  144.) 

§.  456.  The  rays,  by  which  a  myops  fees  more 
diftindtly,  are  thus  in  regard  to  the  eye  of  a  preßyta 
to  be  deemed  diverging  :  and  the  rays,  whereby  a 
preßyta  fees  diftindlly,  are  in  refpedt  to  the  eye  of  a 
myops  to  be  held  as  parallel.  We  may  therefore  in 
general  affirm,  that  the  myopes  fee  diftindtly  by  di¬ 
verging,  and  the  preßyta  by  parallel  rays, 

§.  457.  And  hence  concave  glaffes  are  of  fervice 
to  the  myopes  ^  but  convex  to  the  preßyta,  in  order 
to  fee  more  diftindtly  what  otherwife  appears  undi- 
Hindi.  For,  thofe  make  the  incident  rays  to  diverge 
by  the  refradtion  (§.  183.)  thefe  on  the  contrary,  to 
converge  (§.  176.)  and  thus  leflen  the  divergency, 
with  which  the  rays  fall  from  a  luminous  point  on 
the  furface  of  the  glafs. 
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§.  458.  A  myops  therefore  cannot  diftindly  fee  an 
objed,  which  a  preßyta  fees  diftindly  ♦,  as  the  fa» 
cus,  which  the  rays,  refraded  through  the  cryftal- 
line  humour,  form,  is  fo  diftant  from  the  retina^ 
that  its  nerves  are  not  irritated  ftrong  enough  by  the 
rays,  which  fall  from  the  luminous  points  of  the  ob- 
jed  into  the  eye.  For,  the  rays,  which  exhibit  an 
objed  diftindly  to  a  preßyta^  fall  into  the  eyes  of  a 
myops  parallel  with  their  axis.  But  the  focal  diftancc 
of  a  glafs  lens  is  fhorter,  when  the  rays  fall  parallel 
on  it,  than  when  they  come  on  it  in  diverging  lines 
(§.  180.)  And  therefore  the  rays,  which  are  pro¬ 
pagated  in  the  eye  of  a  myops  from  the  focus  of  the 
cryftalline  lens  in  diverging  lines,  have  a  longer  way 
to  the  retina ,  than  in  the  eye  of  a  preßyta  :  and 
therefore  irritate  not  fo  flrongly  the  nerves  of  the 
retina ,  as  in  the  eyes  of  the  lall, 

§.  459.  A  preßyta  therefore  cannot  fee  an  objed 
diftindly,  which  a  myops  diftindly  does ;  as  in  his 
eye  the  focus  of  the  cryftalline  lens  is  fo  far  diftant 
from  it,  that  the  rays,  which  fall  from  the  luminous 
points  of  the  objed  into  the  eye,  are  not  fufficiently 
parted  afunder  on  the  retina .  For,  the  preßyta  fees 
undiftindly  by  diverging  rays  (§.  456.)  If  diverg¬ 
ing  rays  are  refraded  by  a  glafs  lens,  the  focus  falls 
more  diftant,  than  when  the  rays  fail  on  the  glafs 
lens  parallel  with  its  axis  (§.  180.)  And  thus  the 
focus  of  the  cryftalline  lens  in  the  eye  of  a  preßyta , 
when  diverging  rays  fall  into  his  eye,  is  nearer  to  the 
retina  than  in  the  eye  of  a  myops  \  fo  that  the  rays 

cannot 
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fcannot  run  fo  far  aflinder  from  the  focus  in  the  eye 
of  a  preßyta ,  before  they  come  on  the  retina ,  as  in 
the  eye  of  a  myops. 

§.460.  And  thus  if  arl  objedl  is  diftindlly  de¬ 
picted  in  an  eye,  be  it  either  fo  near,  as  to  appear 
undiftindl  to  a  preßyta ;  or  fo  diftant,  as  to  be  undif» 
tinguifhable  by  a  myops ;  this  eye  muft  be  fo  qua¬ 
lified}  as  that  the  focal  diftance  may  now  be  length¬ 
ened,  again  fiiortened.  Both  may  happen,  fo  either 
the  rounding  of  the  cryftalline  lens  is  variable,  as  by 
help  of  the  mufcles  to  be  now  enlarged,  again  di- 
minifhed  *,  or  the  cryftalline  lens  and  retina  be 
now  brought  mgher  to,  again  farther  from  each 
other.  If  the  rounding  is  lefiened,  the  focus  falls 
more  diftant  from  •,  but  if  enlarged,  nigher  to  the 
lens.  For,  a  glafs  fphere  projects  the  focus  only 
half  fo  diftant,  as  a  glafs,  convex  on  both  fides, 
which  is  a  portion  of  an  equal  fphere  (§.  178.  feq.) 

§.  46 1  In  the  eye  of  a  myop  the  focus  is  there¬ 
fore  too  diftant  from  the  retina ,  either  as  the  cryf- 

1 

talline  lens  is  too  round,  and  its  rounding  admits  of 
no  diminution  by  help  of  the  mufcles  ;  or  as  the  re¬ 
tina  and  the  cryftalline  lens  cannot  be  brought  nearer 
together.  The  laft  incapacity  arifes  through  cuftom 
or  habit,  when  a  man  for  a  long  time  views  objects 
at  a  lefs  diftance  than  he  need.  The  firft  inability 
may  arife  as  well  from  a  bad  habitude,  as  alfo  from 
nature. 

§.  462.  In  the  eye  of  a  preßyta  the  focus  is 
therefore  too  near  the  retina*  either  as  the  cryftal- 
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line  lens  has  too  little  rounding,  and  admits  not  ot 
being  enlarged  \  or  as  the  retina  aud  the  cryftalline 
lens  cannot  be  removed  from  each  other.  The  eye 
comes  to  tlie  laft  defedt  through  cuftom,  when  for  a 
long  time  viewing  objedts  at .  a  greater  diftance  than 
is  neceffary  at  firft  for  diftindtnefs.  And  this  very 
cuftom  may  alfo  bring  on  the  firft  defedt.  Yet  too 
an  eye  may  originally  have  a  too  flat  cryftalline 
lens. 

CHAP  IV. 

Of  Angle  and  double  Vision. 

§.463.  A  S  an  objedt  is  depidfed  in  both  eyes  at 
I  1  once,  it  proves  a  matter  of  wonder, 
why  it  is  not  feen  double  ?  The  rcafon  thereof 
will  be  clear  from  the  following  circumftances. 
Among  the  different  rays,  which  flow  from  a  Angle 
point  of  an  objedt  into  the  eye,  that  paffing  through 
the  centre  of  the  eye,  is  called  the  optick  axis .  If, 
for  inftance,  one  eye  is  in  A,  fig.  1.  plate  vix.  the 
other  in  B,  and  the  luminous  point  without  them  iri 
G  ;  AG  and  B  G  are  both  the  optick  axes.  By 
G  A  the  retina  in  the  eye  A  is  irritated,  and  by 
G  B  the  retina  in  the  eye  B.  So  that  the  nerves  in 
A  readt  in  the  optick  axis  A  G  ;  and  in  B,  in  the 
optick  axis  B  G.  Now  if  both  thefe  optick  axes  run 
together  in  a  certain  point  without  the  eye  ;  both 
readtions  of  the  optick  nerves  will  unite  in  one  point, 
and  hereby  form  one  Angle  readlion.  So  that  the 
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foul  can  diftinguifh  and  fee  an  objedt  only  as  fingle«, 
The  line  H  I,  drawn  through  the  concourfe  of  the 
optick  axes  A  H  and  B  H  in  H,  and  of  the  axes 
AI  and  B  1  in  I  ;  and  running  parallel  with  the  line 
A  B,  which  pafles  through  the  centre  of  the  eye,  is 
called  the  horopter . 

§.  464.  If  therefore  the  eyes  are  in  fuch  a  ftate3 
as  that  both  the  optick  axes  do  not  mutually  inter- 
fedf,  the  objedt  appears  double  \  for  inftance,  in  D 
and  E.  This  happens,  when,  for  example,  one 
holds  a  (lender  oblong  objedt,  as  a  knife,  or  ruler* 
about  a  foot  diftant  from  the  nofe,  and  with  both  eyes 
ftedfaftly  views  C  over  the  end  lengthwife.  Aifo 
when  a  man  is  either  very  drunk,  or  (hort-fighted, 
and  accuftomed  to  view  diftant  objedts,  as  the  moon, 
with  one  and  the  fame  eye  through  a  concave  giafs. 
And  in  the  Swedifb  Adi  a  lit  er  aria  for  the  year  17219 
mention  is  made  of  a  boy,  who  had  had  a  hurt  in  the 
left  eye  by  a  fnow-ball  ^  with  which,  indeed,  in  fome 
months  after  he  began  again  to  fee,  but  each  objedt, 
on  which  he  fixed  both  eyes,  double  \  and  thus  he 
continued  to  fee. 
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CHAP.  V. 

Of  the  Magnitude  of  the  Image  in  the  Eye, 
and  of  the  Objedt  without  it. 

§.  465. H  E  magnitude  of  the  diameter  of  an 
JL  image,  formed  in  the  eye  on  the  re- 
iinay  may  be  determined  as  follows :  if  from  the  ex* 
tremeties  B  and  E,  fig.  2.  plate  vn.  of  an  objedt  B  E, 
the  rays  B  A  and  E  A  fall  at  A  through  the  eye  on 
the  retina ,  the  diameter  of  the  image  formed  is  D  F. 
As  the  triangles  D  A  F  and  B  A  E  are  mutually 
fimilar  j  fo  is  A  E  :  E  B  :  :  A  D  :  D  F.  If  A  E 
r=  30  E  B  =  1,  and  A  D,  as  being  the  diameter  of 
the  eye,  in  like  manner  =  1  inch  j  D  F  the  dia^ 
meter  of  the  image  is  =  ~5  of  an  inch.  For, 

AE:  EB  ::  AD  :  DF 
30:  1  ::  1  :  53 

If  BE  is  a  tower  4000  inches  high,  and  A  E  its 
difhance  120000  inches  •,  the  diameter  of  its  image 
on  the  retina  is  in  like  manner  only  ~  of  an  inch  : 
for,  120000  :  4000  :  :  30  :  1. 

§.  4 66.  The  more  diftant  therefore  an  objedt  is 
from  the  eye,  the  fmaller  is  the  diameter  of  its 
image  on  the  retina .  The  diftance  of  a  thing  to  its 
height  fuppofe  to  be  as  300  to  1  *,  the  diameter  of 
its  image  is  Aö  of  an  inch  :  for,  300  :  1  :  :  1  : 

§.  467.  How  tender  or  fubtle  therefore  mu  ft  be 
the  fibrils,  of  which  the  retina  confifts  ?  But  the 
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rays  of  light  themfelves  are  infinitely  fubtle  (§. 
148).  Mufchenbroeck  in  his  lnflitutiones  ■phyfica ,  §. 
1241.  relates,  that  a  filk  thread-—  of  an  inch 
thick  is  ftill  diftinguilhable  by  the  eye,  when  lying 
on  a  paper  at  the  ditlance  of  40  inches.  The  dia¬ 
meter  of  its  image  in  the  eye  is  of  an  inch. 
For, 

AE:  EB::  AD:  DF 

4^  *  *  •  -% 

i  e  —  •  .  > 

i  •  1948  •  •  i  *  77920* 

This  laft  number  arifes,  fo  you  multiply  the  produd 
of  the  fecond  and  third  fradion  according  to 
the  rule  of  fradions,  by  the  firft  fradion  ro¬ 
ver  fed,  inflead  of  dividing  it. 

§.468.  But  if  the  image  on  the  retina  be  lefs  than 
the  objed  itfelf,  the  query  is ;  how  it  is  pofftble, 
that  yet  the  foul  fhould  reprefent  to  itfelf  the  objed 
bigger  ?  The  bignefs  or  fize  of  the  reprefentation, 
which  the  foul  has  of  the  objed,  arifes  from  the  num¬ 
ber  of  the  perceived  adions,  with  which  the  incident 
rays  of  light  touch  and  irritate  the  different  fibrils 
of  the  retina .  The  foul  reprefen ts  to  herfelf  not  the 
image,  which  is  formed  on  this  coat,  but  by  help 
of  this  image,  the  objed  only  ;  as  fhe  perceives  and 
diflinguifhes  the  adions  of  the  rays  of  light,  coming 
from  the  objed  and  ftriking  on  the  retina ,  The 
fpace,  which  the  image  occupies,  is  lefs  than  the 
fpace  without  the  eye,  in  which  the  foul  reprefents 
,  to  itfelf  the  objed.  But  in  the  fmall  fpace  of  the 
image  fhe  obferves  fo  many  adions  as  there  are  in 
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the  fpace,  in  which  the  object  appears,  and  from 
which  the  rays  of  light  propagate  their  adtions  quite 
to  the  retina.  The  thing  may  be  illuflrated  by  a 
microfcopicai  inflance.  A  fquare  inch  is  conftantly 
lefs  than  a  fquare  foot.  But  yet  a  fquare  inch  may 
with  a  magnifying  glafs  appear  as  big,  as  a  fquare 
foot  without.  The  reafon  whereof  is,  becaufe 
the  magnifying  glafs  conveys  fo  many  rays  from  the 
fquare  inch  into  the  eye,  as  come  into  it  from  the 
fquare  foot,  when  viewed  without  a  microfcope.  And 
thus  the  foul  perceives  fo  many  adtions  of  different 
rays  of  light,  when  viewing  the  fquare  inch  through 
the  magnifying  glafs,  as  when  without  it,  the  fquare 
foot. 


C  H  A  P.  VI. 

Of  the  Space,  which  may  be  furveyed  or 

viewed  at  once. 

V  W  .4  +  t  .  ^  , 

§•  4 Hp  H  E  fpace,  which  one  fees  under  a  cer- 
JL  tain  angle  (§.  193. )  is  always  within 
the  limits  of  a  right  angle.  Suppofe  from  the  point 
A  of  the  furface  A  D,  fig.  3.  plate  vn.  the  perpen¬ 
dicular  ray  of  light  A  O  to  fall  into  the  eye  O. 
From  the  point  D,  which  fuppofe  fo  diftant  from  A 
as  is  poffible,  let  the  other  D  O  come  into  the  eye. 
As  the  angle  at  A  is  a  right  angle ;  fo  the  angle 
A  O  D  is  lefs  than  a  right.  And  thus  the  fpace, 
which  the  eye  can  take  in,  is  within  the  limits  of  a 

right 
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right  angle.  Take  a  fquare  board  ABCD,  fig.  5. 
plate  1.  and  draw  from  A  to  C  the  diagonal,  by 
which  the  right  angle  at  A  is  biiTeded.  On  the  line 
A  C  fix  two  pins,  and  lay  one  eye  at  the  angle  at  A, 
and  look  along  the  ftaves  orpins,  of  which  the  one 
next  the  eye  covers  the  other.  There  will  nothing 
be  feen  of  what  is  without  both  the  legs  A  B  and 
AD. 

§.  470.  If  therefore  the  femidiameter  of  an  ob¬ 
ject  CH,  fig.  9.  plate  hi.  is  equal  to  its  diftance 
H  A  from  the  eye,  you  fee  with  one  eye  at  once 
the  objedd  fully,  but  alfo  nothing  further  beyond  its 
limits,  when  the  ray  H  A  forms  on  both  Tides  right 
angles  on  C  D,  and  under  right  angles  goes  through 
the  middle  of  the  diameter  of  the  fight  in  the  eye. 
For,  as  C  H  =  H  A ;  fo  the  angle  ACH  is  = 
the  angle  C  A  H.  Now  as  the  angle  CH  A  is  a 
right  angle  ^  fo  is  the  angle  C  A  IT  half  of  a  right 
angle.  In  like  manner  it  is  clear,  that  the  angle  D  AH 
is  half  of  a  right  angle.  The  angle  C  A  D  is  thus 
a  right  angle.  And  therefore  the  entire  objedl 
CHD  may  be  diftinguifhed  at  once  quite  to  its 
limits  C  and  D. 

§.  471.  But  if  the  diftance  H  A  was  lefs  than  the 
femidiameter  C  H,  the  obje6t  CHD  could  not  be 
fully  furveyed  at  once.  For,  in  this  manner,  as 
well  the  angle  C  A  H,  as  alfo  the  angle  DAH 
would  be  greater  than  half  a  right  one,  and  confe- 
quently  CAD  greater  than  a  right  one, 

I  4  §•  472* 
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§  472.  And  thus  the  nigher  one  is  to  an  objedt, 
the  lefs  thereof  he  fees  with  one  eye  at  once  ;  but 
the  more  diftant  one  is  from  it,  the  more  with 
one  cad  of  an  eye  may  be  feen  beyond  its  limits. 
As  the  lines  A  C  and  A  D,  which  at  A  include  a 
right  angle,  may  be  i  nfinitely  produced ;  fo  the  eye 
at  an  infinite  diftance  can  with  one  look  take  in 
an  infinite  fpace,  when  from  an  infinite  diftance 
rays  of  light  come  into  it.  And  hence  one  ftanding 
furveys  at  once  the  wide  heavens  between  the  hori¬ 
zon  and  vertex  as  well  ftraight  forwards,  as  alfo  to 
right  and  left.  But  if  one  lays  himfelf  on  his  back, 
the  eye  takes  in  the  whole  half  heavens  or  hemi- 
fphere.  For,  the  line,  which  at  right  angles  bifledts 
the  diameter  of  the  fight  in  the  eye,  and  may  be 
produced  ftraight  on  to  the  limits  of  the  heavens, 
forms  right  angles  with  the  horizontal  lines,  which 
may  be  drawn  from  the  centre  of  the  fight,  or  pupil, 
quite  round  to  the  limits  of  the  horizon. 

§.  473.  No  fphere  can  be  feen  at  once  for  the 
half  of  it.  The  eye  in  R,  fig.  4.  plate  vi.in  order  to 
reach  at  once  to  the  points  O  and  L,  at  which  the 
diameter  of  the  fphere  O  S  L  terminates  ;  the  angle 
O  S  R  would  be  meafured  by  a  quadrant,  and  con- 
fequently  be  a  right  angle,  and  thus  the  line  R  S 
ftand  perpendicular  on  O  S.  In  like  manner  the 
ray  R  O  would  be  a  line,  ftanding  perpendicular  on 
O  S  ;  as  each  right  line,  which  is  a  tangent  to  a 
circle  and  forms  an  angle  with  its  radius,  is  a  perpen¬ 
dicular.  Two  lines,  ftanding  perpendicular  on  a 
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third,  are  mutually  parallel.  And  thus  fo  far  as 
the  ray  R  O  is  at  O  diftant  from  S,  fo  far  too  muft 
it  be  diftant  from  the  eye  in  R.  But  in  that  manner 
it  can  form  no  angle  with  R  S  in  the  eye,  which  is 
necefiary  for  vifion.  And  thus  too  the  eye  cannot 
fully  take  in  at  once  the  hemifphere. 

■r  ••  l 

-  .  '  v  1 

CHAP.  VII. 

Of  the  Appearances  of  Objects  at  different 

Diftances. 


§.  474.  /T Agnitude,  figure,  place  and  motion 
Lv  A  of  an  objedt  appear  to  be  different 
at  different  diftances.  Be  a  body  never  fo  big,  yet 
it  feems  as  a  point  only,  when  its  diameter  is  feen  un¬ 
der  an  angle  of  a  fecond.  Let  the  diameter  of  the 
objedt  be  E  G  F,  fig.  4.  plate  vii.  and  the  femidia- 
meter  E  G,  and  the  diftance  from  the  eye  G  A  = 
fix  inches.  If  the  angle  of  vifion  E  A  F  =  1  fe¬ 
cond,  the  half  thereof  E  A  G  =5?  \  fecond.  The 
line  A  G  forms  with  G  E  a  right  angle  at  G.  If 
therefore  in  the  point  A  you  place  the  deg  of  a  com- 
i  paffes,  and  the  other  leg  in  G,  and  begin  defcribing 
a  circle  from  the  point  G  •,  A  G  is  its  femidiameter, 
and  confequently  to  be  confidered  as  the  fine  total, 

:  and  E  G  as  the  tangent  of  the  arch  G  H,  and  con¬ 
fequently  as  the  tangent  of  the  angle  of  vifion,  or  of 
sthe  apparent  magnitude  (§.  193.)  E  A  G,  as  what 
pis  meafured  by  the  arch  G  H.  So  that  by  trigono¬ 
metry 
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nietry  you  conclude  as  follows.  As  the  whole  fine 
A  G  to  the  tangent  E  G  of  the  half  apparent  mag¬ 
nitude  E  A  G  ;  fo  is  the  diftance  A  G  to  the  true 
half  magnitude  EG.  The  fine  total  is  =  iooooooo, 
and  the  tangent  of  a  half  fecond  =  24.  The  calcu¬ 
lation  therefore  is  as  follows  : 

Sin.  tot.  A  G  :  Tang.  E  A  G  :  :  AG:  EG 

10000000  :  24  : :  6  :  1 44 

10000000 

The  whole  diameter  E  F  is  thus  =  288 

ioooooco 

Dividing  numerator  and  denominator  by  2883  E  F 
is  777^7  of  an  inch.  And  fuch  a  part  is  juftly  deem¬ 
ed  a  point. 

§.  475.  Two  objects  A  B  and  AC,  fig.  5.  plate 
vii,  may  be  equally  big,  and  be  equally  diftant 
from  the  eye  in  a  point  A :  and  yet  A  B  appear 
bigger  than  A  C  :  this  happens  when  the  ray  A  D, 
which  is  the  diftance  of  the  common  point,  forms  at 
A  with  A  B  a  right  angle,  and  with  A  C  an  oblique, 
For,  if  A  D  form  with  A  C  an  oblique  angle,  the 
angle  C  D  A,  under  which  C  A  is  feen,  is  lefs  than 
the  angle  B  D  A,  under  which  A  B  appears 
(§•  I93-) 

§.476.  If  the  eye  O,  fig.  6.  plate  vn.  (lands 
between  two  parallel  lines  A  B  and  C  D,  and  looks 
ftraight  on,  that  the  line,  which  may  be  drawn  in 
the  middle  between  A  B  and  C  D,  fhail  pafs  through 
the  centre  of  the  pupil  and  its  diameter  $  the  pa¬ 
rallel! 
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raiiel  lines  appear  to  come  ever  nearer  together,  the 
more  diftant  they  are  from  the  eye.  For,  the  more 
diftant  intermediate  fpace  B  D  is  feen  under  a  lefs 
angle  than  the  nearer  F  E  (§.  193.) 

§.  477.  If  therefore  thefe  parallel  lines  are  fq 

long,  that  the  angle  of  vifion,  under  which  their  in¬ 
termediate  fpace  appears,  is  a  fecond  only  ;  they 
feem  to  concur  in  a  point,  and  there  to  fet  limits  to 
the  fight  of  the  eye  (§.  474.)  And  hence  the  point 
of  a  tower  appears  to  bend  forwards  when  one  is 
near  it.  For,  if  the  eye  in  D  looks  towards  B,  fig. 
7.  plate  vii.  the  angle  at  A  is  a  right  one.  If  from 
the  eye  D  you  draw  the  line  D  E,  to  run  parallel 
with  the  height  AB;  the  angle  ADE  is  alfo  a 
right  one.  Thefe  parallel  lines  A  B  and  D  E  ap¬ 
pear  gradually  to  run  together,  on  looking  between 
them  to  the  point  of  the  tower.  And  thus  the  dis¬ 
tant  points  C  and  B  of  the  line  E  D  appear  to  be 
nearer  than  the  points  below  in  the  tower. 

§.  478.  If  therefore  one  of  the  parallel  lines  is 
higher,  and  the  other  lower  than  the  eye  ;  this  ap¬ 
pears  at  laft  to  raife  itfelf,  and  that  to  lower  it- 
felf,  fo  as  to  appear- to  have  both  one  and  the 
fame  height  with  the  eye.  From  thefe  reafons,  the 
parts  more  ciiftant  on  the  furface  of  the  earth, 
on  which  we  have  a  diftant  profpedf,  appear  to  be 
higher  than  the  nearer :  and  in  the  air  the  more 
difiant  clouds  to  ftand  lower  than  the  nearer.  As  the 
parallel  lines,  which  may  be  imagined  to  be  drawn 
from  the  feet  on  the  earth  towards  any  point,  and 
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in  the  air  over  the  head,  proceed  fo  far,  that  their 
limits  cannot  be  determined  5  fo  the  angle,  under 
which  the  infinite  diftance  between  the  faid  parallel 
lines  would  be  feen,  is  undiftinguilhably  fmall 
And  thus  the  appearance  mud  prove,  as  if  the  hea¬ 
vens  lay  on  the  earth  (§.  477. J  Such  parallel  lines 
may  be  drawn  out  infinitely  quite  round  the  fpedla- 
tor.  So  that  the  heavens  all  around  feem  to  be  on 
the  earth  in  all  points  of  an  unafiignable  diftance 
from  him,  and  thus  form  the  horizon  (§.  385).  The 
heavenly  fpace  has  the  figure  of  a  concave  hemi- 
phere ;  as  the  angle  of  vifion,  which  the  rays  form, 
falling  from  the  horizon  and  the  vertex  into  an  eye 
directed  upwards,  has  a  quadrant  for  its  meafure  ; 
and  all  lines,  along  which  one  looks  between  the 
vertex  and  horizon,  run  out  infinitely,  and  there¬ 
fore  no  one  can  be  deemed  fhorter  than  the  other. 

§.  479.  Though  the  flame  of  a  burning  body 
fhould  at  a  diftance,  on  account  of  the  fmailer  angle 
of  vifion,  appear  fmailer,  than  near  at  hand  :  yet 
at  a  diftance  it  appears  larger,  fo  the  viewing  eye  is 
in  a  dark  place.  For,  firft,  the  air  round  the  flame 
is  illuminated  thereby  :  fecondly,the  flame  by  means 
of  the  air  between  it  and  tfte  eye,  adls  ever  weaker 
on  the  eye,  the  more  diftant  the  eye  ftands : 
thirdly,  the  eye  can  perceive  the  illuminated  air,  as 
being  itfelf  in  the  dark,  and  thus  no  other  light 
adting  on  it.  If  therefore  the  light  of  the  flame  is  fo 
weakened  by  the  great  diftance,  as  to  adt  no  intenfer 
on  the  eye  than  the  illumination  produced  in  the  air$ 
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the  eye  cannot  diftinguifh  it  from  the  flame.  So 
that  the  eye  fees  a  light  arifmg  both  from  the  flame 
and  its  illumination  of  the  air.  The  diameter  of 
this  illumination  may  be  five  inches,  and  the  flame 
one  inch.  So  that  the  flame,  and  the  diftance,  at 
which  the  eye  cannot  diftinguifh  it  from  its  illumina¬ 
tion  of  the  air,  muft  appear  bigger  than  nearer  at 
hand,  where  it  may  be  diftinguifhed. 

480.  When  oft  a  long  line  A  DE,  fig.  3.  plate 
vii.  on  which  we  may  have  a  profpedt,  we  aflbme 
a  point  D  at  a  certain  diftance,  and  from  it  have  the 
remaining  length  divided  into  equal  lines  D  /,  fg> 
g  E  ♦,  they  ever  appear  under  a  lefs  angle,  the  more 
diftant  they  are  from  the  aflumed  point.  At  length 
the  angles  of  vifion  become  undiftinguifhable.  And 
then  the  lines  appear  as  points.  And  as  the  angles 
are  no  longer  diftinguilhable  from  each  other; 
neither  can  we  any  longer  diftinguifh  the  lines  to  be 
feen  under  them.  Suppofe  A  O  is  to  A  D,  as  1  to 
57.  Place  in  O,  where  the  eye  is,  the  leg  of  a  pair 
of  compafles,  and  the  other  in  A,  and  therewith  de- 
fcribe  an  arch  ;  and  A  O  is  the  whole  fine,  and  AD 
the  tangent  of  the  angle  of  vifion  A  O  D.  The 
tangent  you  find  on  concluding  as  follows  :  as 
A  O  to  A  D  ;  fo  is  the  whole  fine  to  the  tangent  of 
the  angle  of  vifion. 

Logarithm  AO  o.  0000000 
Logar.  AD  1.  7558748 
Log.  fin.  tot.  10.  OQOOQOQ 

Log.  tang.  ii.  7558748 

And 
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And  looking  in  die  table  of  fines  and  tangents  for 
the  number,  that  comes  neareft  to  this*  you  find  at 
it  89°  for  the  angle  of  vifion. 

If  therefore  an  eye  is  fix  feet  high  above  the  line' 
A  D,  it  commands  a  length  of  342  feet,  when  the 
angle  of  vifion  is  89°.  For,  AO  1 :  AD  57  : :  6 
feet :  342  feet.  Suppofe  A  O  :  A  D  :  2  1  :  3437a 
the  angle  of  vifion  A  O  D  is  =  89°  59A  If  you 
take  at  firft  the  length  A  D  =  57,  which  one  com- 
mands  under  an  angle  of  89°,  the  remaining  length 
1333802  which  thus  appears  under  an  angle  of 
59 .  And  thus  if  the  eye  is  fix  feet  high  above  the 
line,  the  length,  which  it  commands  under  an  angle 
of  89°  59,  is  20622  feet.  For  1:  3437  ::  6i 
20622.  And  thus  an  eye,  which  is  elevated  fix  feet 
above  a  line,  can,  after  a  diftance  of  342  feet  on  that 
line,  fee  a  length  of  20000  and  more  feet,  under  an 
angle  only  of  59 . 

§.  481.  An  arch  A  C  B,  fig.  8.  plate  vn.  appears 
therefore  as  a  right  line  C  D  E,  when  the  lines 
F  D  and  B  E,  by  which  the  lines  O  F  and  O  B  are 
longer  than  the  line  O  C,  drawn  from  the  eye 
through  the  middle  of  the  arch  at  C,  are  feen  under 
undiftinguifhable  angles.  For,  the  arch  C  B  and 
the  right  line  C  E  appear  under  one  and  the  fame 
angle,  and  confequently  are  equal  f§.  193.)  If 
therefore  neither  F  D  be  diftinguifhable  from  D  O, 
nor  B  E  from  E  O  ;  fo  neither  can  the  half  arch 
C  F  B  be  diftinguifhed  from  the  right  line  C  D  E. 
In  like  manner  it  may  be  fhewn,  that  the  eye  in  the 

other 
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other  half  arch  A  C  can  neither  in  the  magnitude 
nor  in  the  diftance  find  any  thing,  by  which  to  be 
able  to  diflinguifh  it  from  the  right  line  beginning 
at  C.  * 

§.  482.  A  fphere  or  a  fpherical  body  appears 
thus  to  be  a  circle,  or  a  difk  ;  when  fo  far  diftant, 
as  that  the  arches  of  their  convex  furfaces,  which 
ftand  oppofed  to  the  eye,  appear  to  it  as  right  lines. 

§.  483.  An  angular  body  A  B  C  D  appears  to  be 
round,  when  the  angles  A,  B,  C,  and  D  are,  at  the 
diftance,  at  which  the  eye  views  the  body,  perceived 
under  undiftinguifhable  angles  by  it.  For  in  that  1 
manner,  the  eye  can  perceive  no  angles. 

§.  484.  If  the  diftance  between  two  bodies  can  be 
feen  under  no  diftinguifhable  angle  (§.  474)  ;  the 
bodies  appear  to  touch  each  other  *,  as  for  inftance, 
the  vapours,  which  at  a  diftance  appear  a  mift,  and 
on  high,  clouds. 

But  if  rays  of  light  fall  between  two  clouds,  which 
appear  to  touch  each  other  j  thefe  are  a  fign  that 
the  clouds  are  parted  afunder.  If  one  of  thefe  clouds 
covers  the  fun  from  the  eye,f  and  its  rays  enlighten 
the  vapours  afcending  between  both  clouds  ^  they 
will  become  vifible  to  the  eye  under  the  form  of 
white  ftreaks  •,  at  the  fight  of  which  we  ufually  fay, 
the  fun  draws  water . 

§.  485.  If  an  object  in  C,  fig.  9.  plate  vix.  has 
from  D  and  E  the  diftances  E  D  and  C  E,  which 
the  eye,  be  it  either  in  A  or  in  B,  can  diftinguifh  un¬ 
der  no  confiderable  angle  \  the  objed  appears  to  be 
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in  D,  when  the  eye  is  in  B  *,  and  in  E,  when  the 
eye  is  in  A.  And  thus  if  the  objed  C  be  viewed 
at  the  fame  time  by  two  obfervers  from  A  and  B, 
it  appears  to  one  to  be  in  a  different  place  from  what 
it  appears  to  the  other.  The  place  C,  which  the 
objed  adually  occupies,  is  called  its  natural  place : 
on  the  contrary,  the  more  diftant  places  D  and  E,  at 
which  it  appears  to  be,  are  called  the  optical  places . 
The  diftance  between  two  optical  places  D  and  E 
is  called  the  parallax ,  or  difference  öf  place . 

§.  486.  If  therefore  an  objed  at  reft  in  C  is  thus 
diftant  from  A  and  B,  it  appears  to  run  from  E  to 
D,  when  the  eye  proceeds  ftraight  on  from  A 
to  B. 

§.  487.  If  objed  and  eye  move  towards  one  and 
the  fame  part ;  as  the  objed  from  B  to  F,  fig.  10. 
plate  vi  1.  and  the  eye  from  A  to  E;  and  the  mo¬ 
tion  of  the  eye  is  fwifter  than  the  motion  of  the  ob- 
jed  *,  the  objed  appears  to  run  backwards  from  C 
to  G. 

§.  488.  If  two  objeds  B  and  E,  fig.  1 1.  plate  vn. 
of  which  B  is  nearer  the  eye  than  E,  move  equally 
fwift  ^  the  more  diftant  E  appears  to  have  a  flower 
motion  than  thenigher  B.  For,  as  they  have  both 
equal  velocities,  they  at  the  fame  time  pafs  over  the 
equal  fpaces  B  D  and  E  F.  But  the  more  diftant 
fpace  E  F  appears  lefs  than  the  equal  nigher  fpace 
BD  (§.  193 .)  So  that  it  appears,  as  if  E,  in  the 
time,  in  which  B  is  come  to  D,  had  paffed  over  a 
fhorter  fpace,  and  confequently  moved  flower. 
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If  therefore  the  eye,  during  this  motion,  continues 
in  the  place  A,  the  nearer  objed  appears  to  go  on 
before,  and  the  more  diftant  to  come  after.  Suppofe 
alfo,  that  E  moved  fomewhat  fwifter  than  B  ;  but 
that  the  difference  of  velocity  was  not  very  confi- 
derable,  yet  B  might  appear  to  be  fwifter. 

§.  489.  If  the  velocity  of  thenigher  objed  B  fig. 
11.  plate  vii.  is  to  that  of  the  more  diftant  E ;  as  the 
diftance  A  B  =  1  to  the  diftance  A  E  =  2  ; 
both  objeds  appear  to  be  equally  fwift.  For,  while 
both  objeds  move  in  equal  time  ;  their  velocities 
are  as  the  fpaces  run  through,  B  C  and  E  F  (§.27.) 
And  thus  too  B  C  :  E  F  :  :  1  :  2.  And  confequently 
BC  :  E  F :  :  AB:  A  E.  Moreover,  the  fpace 
B  C  is  parallel  to  the  fpace  E  F.  And  thus  there 
arife  two  triangles  ABC  and  A  E  F,  which 
have  the  angle  at  A  common.  And  thus  the  eye 
in  A  fees  the  fpaces  finifhed  in  equal  times  under  one 
and  the  fame  angle.  And  as  thus  thefe  fpaces  mufl 
appear  equally  great  to  it ;  it  can  alfo  obferve  no 
difference  between  the  velocities. 

§.  490.  If  an  objed  E  moves  never  fo  fwift,  yet  it 
appears  to  be  at  reft,  when  the  fpace  E  G,  which  it 
finilhes  in  a  fecond,  has  an  undiftinguifhable  ratio 
to  the  diftance  E  A  from  the  eye  fig.  1 1 .  plate  vi  1. 
For,  G  E  is  the  tangent  of  the  angle  E  A  G,  and 
A  E  the  fine  total.  And  therefore  too  the  tangent 
G  E  has  an  unobfervable  ratio  to  the  fine  total.  So 
that  alfo  the  angle,  under  which  E  G  is  feen,  muft 
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be  undiftinguifhable  to  the  eye,  and  confequently 
the  objedt  appear  to  have  continued  in  its  place. 

In  the  fpaee  of  a  fecond  we  can  perceive  no  mo¬ 
tion  in  the  moon  with  the  naked  eye,  though  fhe 
muft  have  finifhed  in  that  time  an  arch  of  15  fe- 
conds,  fuppofing  fhe  moved  round  the  earth  in  24 
hours.  The  fpaee  E  G,  a  tangent  of  the  angle 
E  A  G  of  15  feconds,  is  to  the  diftance  E  A,  the 
fine  total,  as  727  to  10000000  •,  that  is,  almoft  as  1 
to  13755-  And  if  thus  the  fpaee  compleated  in  a 
fecond  is  to  the  diftance  of  the  objedt  from  the  eye, 
as  1  to  13755  ;  the  eye  in  a  fecond  can  obferve  no 
motion  in  the  objedt,  be  it  otherwife  never  fo  fwift. 

§.491.  If  two  very  diftant  objedts  A  and  B  move 
equally  quick  towards  the  fame  part  *  for  inftance, 
from  A  to  C  ;  but  C  remains  at  reft  ;  it  appears,  as 
if  A  and  B  were  at  reft,  and  C  move  d  from  the  place 
C  towards  A,  fig.  12.  plate  vn.  As  A  and  B  have 
equal  velocities,  none  of  them  comes  nigher  to  the 
other,  and  confequently  each  in  refpedt  of  the  other 
appears  to  be  at  reft.  But  if  both  pafs  by  at  C,  and 
confequently  C  hereby  acquires  another  pofition  ;  it 
appears,  as  if  C  moved  contrary  to  B  and  A.  If  the 
moon  appears  through  clouds,  that  move  quick,  fhe 
fee  ms  to  move,  for  inftance,  from  eaft  to  weft,  fo 
the  clouds  are  driven  quick  from  weft  to  eaft. 

§.492.  The  reafon,  why  a  body  appears  to  have  a 
motion,  not  proper  to  it,  is  the  motion  of  its  image 
on  the  retina.  If  therefore  the  eye  with  its  body 
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moves  fo  quick,  that  the  times,  in  which,  among 
the  images  of  unmoved  objeds,  one  ever  moves  into 
the  place  of  the  other,  are  undiftinguifhable  ;  the 
objeds,  which  {land  oppofite  to  the  eye,  appear  to 
run  or  croud  together  thereon ;  and  thofe  that  are 
fideways  immoveable,  to  pafs  clofe  by  it  with  great 
velocity.  If  the  foul  knows,  that  her  body  moves* 
and  that  the  objeds,  which  appear  to  move,  have  a 
fixed  pofition;  this  apparent  motion  only  caufes 
wonder.  But  if  neither  be  otherwife  known  to  her, 
fhe  afcribes  to  the  immoveable  objed  an  adual  mo¬ 
tion,  when  fhe  has  no  knowledge  of  the  caufes  of  the 
apparent  motions.  In  order  therefore  to  avoid,  in 
the  cafe  of  an  apparent  motion,  when  one  knows 
not,  whether  the  objed  or  the  eye  with  its  body 
moves,  the  danger  of  a  falfe  judgment,  we  muft 
neither  afcribe  nor  deny  to  the  objed  an  adqal  mo¬ 
tion. 


CHAP.  VIII. 

Of  the  Motion  of  the  Nerves  in  Sensa« 

tion. 

r 

* 

$-493-rT'HO,anerve  fhould  appear  only  like  aflen- 
A  der  thread,  yet  it  is  put  together  of  many 
fibrils,  each  of  which  confifts  of  a  white  matter,  and 
is  cloathed  with  a  double  tunicle,  between  which  a 
certain  liquor  is  found.  In  a  nerve  no  thicker  than 

a  brittle,  Lteuwenhoeck  difcovered  by  the  magnifying 
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glafs  to  the  number  of  30  fmall  nerves,  and  each  of 
them  with  its  own  tunicle.  In  a  fmall  nerve,  of  the 
thick nefs  of  a  hair,  the  magnifying  glafs  fhewed  to 
the  number  of  20  fender  nerves  of  different  thick- 
nefs.  He  cut.  off  fmall  dices  of  a  nerve,  as  thin  as 
a  hair  of  a  beard,  and  in  each  flice  he  found  a  ca¬ 
vity.  In  many  he  could  diflinguifh  thefe  cavities 
fo  plainly,  as  the  fmall  holes  made  with  a  fine  needle 
in  paper,  and  through  which  the  fun  may  be  viewed. 
But  as  the  fluid  matter,  which  is  in  thefe  holes,  di- 
reclly  evaporates,  thefe  cavities  as  foon  collapfe  or 
fall  together,  and  come  to  be  undiftinguifhable.  But 
in  order  to  exhibit  to  the  eye  of  the  artift,  whom  he 
employed  to  draw,  thefe  fmall  dices  and  nervous 
veffels,  he  caufed  to  moiften  them.  Yet  as  notwith- 
flanding  this,  the  fides  of  the  cavities  mutually 
touched  in  fome  meafure,  there  appeared,  as  if  a  line 
run  through  each  fmall  veflel.  And  hence  alfo  in 
the  fecond  figure  of  his  copper  plate  for  letter  32, 
he  caufed  fo  to  draw  the  fmall  nervous  veffels,  as  to 
appear  round,  and  as  the  fign  of  their  cavity,  to 
have  in  the  middle  a  black  line.  The  flender  fmall 
nerves,  from  whole  combination  a  greater  nerve 
arifes,  are  exhibited,  fig.  1 .  In  letter  36  he  relates,  how 
he  took  fome  nerves  out  of  the  fhoulder  of  a  lamb, 
and  in  one  of  them,  whofe  diameter  was  thrice  as 
great  as  that  of  a  hair  of  a  beard,  difeovered  1000  fmall 
veffels.  From  fuch fmall  veffels  a  nervous  fibril  takes 
its  rife,  in  rows  one  above  another.  In  fig.  2.  of  the 
copper  plate  for  letter  36  by  means  of  the  magnify¬ 
ing 
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ing  glafs  he  caufecl  to  draw  a  nervous  fibre,  in  which 
the  finall  vefiels  proceed  lengthwife,  having  cut  it  in 
that  direction. 

§.  494.  Frefiion  and  impulfe,  which  happen  at  the 
outmoft  extremity  of  a  nerve,  are  propagated  thro’ 
it  with  incredible  velocity.  For,  fo  foon  as  they 
arife,  fo  loon  are  they  made  known  to  the  foul. 

§.  495.  So  that  we  are  to  inquire,  how  fo  quick 
a  propagation  is  pofiible  through  the  nerves  ?  If  we 
hold  them  for  ftrung  and  eiaftick  threads,  and  alfo 
afcrioe  to  their  coats  a  degree  of  elafticity,  the  ve¬ 
locity,  with  which  a  motion  is  propagated  through  a 
nerve,  is  an  efFed  of  the  laid  fpring  (§.  87.)  But 
would  we  confider  the  nervous  juice  as  an  eiaftick 
matter,  and  then  the  finenefs  of  its  parts  ;  we  might 
explain  the  velocity,  with  which  a  motion,  made  at 
the  outmoft  extremity,  is  propagated  through  the 
whole  nerve,  by  fuch  ftrokes  or  pulfes,  as  Mr.  pro- 
fefifor  Euler  diftindtly  explains  the  propagated  mo¬ 
tion  of  light  by  (§.  2 1 1.)  A  fimilar  example  of 
fuch  a  propagated  velocity  the  electrical  matter  af¬ 
fords.  Let  a  chain  be  never  fo  long,  it  has  been 
found,  diredtly  to  manifeft  at  the  end  thereof  the  ef¬ 
fect  of  the  electrical  force,  fo  foon  as  it  arofe  at  the 
beginning  or  other  end.  But  as  the  coats  of  a  nerve 
are  firft  touched  by  an  objedt,  and  confequently  im¬ 
pulfe  and  preftion  mud  be  communicated  o  the  ner¬ 
vous  juice,  in  order  to  its  propagation  through  it : 
fo  in  the  cafe  of  their  having  no  elafticity,  they 
would  put  the  nervous  juice  into  a  very  Imail  de¬ 
gree  of  motion.  We  have  therefore  always  reafon 
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to  afcribe  to  the  nervous  coats  a  certain  degree  of 
elafiicity  and  tenfion. 

§.  496.  The  tighter  therefore  the  nerves  are 
ftrung,  the  more  remarkably  are  they  put  into  mo¬ 
tion  by  a  fmall  touch,  and  thus  the  more  fenfible  is 
fuch  a  touch.  The  tenfion  may  have  feveral  caufes  ; 
for  inftance,  when  a  member  is  extended,  or  when 
the  coats  of  the  nerves  have  a  peculiar  degree  of 
elaflicity.  Of  this  laft  quality  may  be  the  optick 
nerves  in  the  eyes  of  thofe  animals,  that  commonly 
fee  in  the  dark.  The  nervous  coats  may  be  preffed 
and  ftretched  by  the  fwelling  of  contiguous  parts, 
and  thereby  be  fitted  for  an  extraordinary  fenfation. 

This  appears  from  feveral  inftances  of  wounded 
eyes  which  have  the  fenfe  of  feeing  in  the  dark  *,  of 
which  M.  Thumigius  adduces  one  in  the  4th  part  of 
an  experiment  for  explaining  uncommon  pheno¬ 
mena,  and  Boyle  one  in  his  Exercitatio  de  natura  de - 
termimta  eßuviorum ,  c.  4,  In  like  manner  may  the 
nerves  acquire  an  uncommonly  ftrong  degree  of  ten¬ 
fion  in  peculiar  difeafes.  So  Mr.  Boyle  knew  a  phy- 
fician,  who  in  a  furprifing  fort  of  a  fever  had 
gained  an  exceeding  acute  fenfe  of  hearing. 

§.  497.  The  violence  of  a  fenfation  arifes  partly 
from  the  intenfenefs  of  the  prefiion  or  impulfe 
on  a  nerve,  partly  from  the  number  of  the 
motions,  with  which  feveral  fibrils  are  touched 
at  the  fame  time.  For,  it  is  a  thing  fufiiciently 
known  from  experience,  that  the  fenfation  of  a 
found  may  be  intolerable  to  the  foul,  when  the 
number  of  the  fingle  tones  is  too  great,  though  each 
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of  them  affords  a  weak  fenfation,  when  touching 
the  ear  without  the  others. 

§.498.  A  nerve  of  fenfation  vibrates,  when  an  ex¬ 
ternal  matter  fo  acts  upon  it,  that  its  parts  mutually  im¬ 
pel  and  fhake  (§  308).  Into  fuch  vibrations  the  audi¬ 
tory  nerves  happen  to  come  by  an  intenfe  found  1 
and  the  nerves  of  touch  by  the  force  of  an  eledlrical 
fpark,  excited  in  MufchenbroeF s  manner.  If  a  vi¬ 
brated  nerve  Hands  clofely  connected  with  many  other 
nerves  of  fenfation  and  motion,  its  vibration  will  be 
alfo  inflantly  communicated  thereto.  And  thus 
if  the  vibration  is  intenfe,  there  arifes  among  the 
many  vibratory  motions,  excited  in  many  and  va¬ 
rious  nerves  at  once,  a  fudden  confufion  ;  in  which 
the  foul  can  diftinguifh  nothing,  and  confequently  in 
the  time  this  confufion  lafts,  lofes  its  conicioufnefs. 
Into  fuch  a  circumffance  one  may  be  put  for  a  fhort 
time  by  means  of  eledlricity,  when  excited  in  Muf- 
chenbroek's  manner,  and  adting  on  him  through  a 
yielding  matter  as  a  cap,  which  only  touches  the  hair 
on  the  crown  of  the  head.  Such  an  accident  I  can 
remember  fmce  the  year  1748,  when  unawares  I 
happened  to  tread  with  my  foot  on  a  chain,  which 
lay  on  a  veffel  with  water  bottles,  whole  eledlrined 
water  had  communication  with  another  chain  hang¬ 
ing  at  filken  firings  ;  and  under  this  chain  I  Hood 
fo  clofe,  that  its  eledtrical  force  reached  the  filver 
threads  of  my  cap,  and  drew  them  up.  Ac  once 
my  body  was  pervaded  by  a  Hidden  degree  of  heat, 
and  in  an  inkant  I  loft  the  ability  to  recoliedl  what 
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was  befallen  me  ;  and  I  feemed  to  hear  the  ringing 
of  the  bells  of  St.  Thomas's  church,  that  was  not  a 
great  way  off;  that  even  as  foon  as  I  began  to 
recover  myfelf  again,  I  (aid  to  thofe  about  me,  the 
bells  feern  to  be  ringing. 

§.  499.  The  impreffions  made  on  the  nerves  of 
fenfation  are  of  different  duration.  They  laid  longed: 
in  the  nerves  of  the  touch,  as  appears  from  the  con¬ 
tinued  pain  or  ffnart,  caufed  by  a  ftroke.  Whereas 
in  the  auditory  and  optick  nerves  the  duration  of  an 
impreffion  made  feems  almoft  undiflinguifhable. 
But  that  an  impreffion,  which  a  ray  of  light  caufes 
in  the  eye  on  the  retina,  lads  a  fmall  time,  may  be 
perceived  hence,  that  the  quick  vibrations  of  a  firing, 
and  of  a  finger  moved  to  and  fro,  appear  to  leave  be¬ 
hind  a  vifible  furface,  and  a  glowing  coal  moved  cir¬ 
cularly  round  with  great  velocity,  a  fiery  ring.  The 
time,  in  which  the  coal  accomplifhes  the  circle  is  a 
fecond  nearly.  And  thus  fo  long  are  we  to  hold  the 
duration  of  the  impreffion  made  on  the  retina  by  the 
firfi  among  the  rays  of  light,  that  come  into  the  eye 
from  this  defcribed  circle. 
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CHAP.  IX. 

Of  the  Propagation,  Duration,  and  common 
Place  of  the  fenfible  Impressions. 

§.  500.  Tf  E  a  nerve  of  fenfation  either  preiTed  or 
JUI  impelled  by  a  material  objed,  there 
will  be  changes  produced  in  fo  many  parts  of  the 
nerve,  as  thefe  are  parts  with  which  the  material  ob* 
jed  either  preftes  or  impels  the  nerve.  Now  be  fuch 
a  change  produced,  how  ,it  will  •,  the  prefled  or  im¬ 
pelled  particles  of  the  nerves  muft  be  moved  fome- 
what  out  of  their  place.  The  order  among  the  parts 
of  a  nerve  moved  in  this  manner  is  juft  fuch  as  that 
in  which  either  the  prefting  or  impelling  parts  of 
the  material  objed  happen  to  be.  So  long  therefore 
as  either  the>preflion  or  impulfe  lafts ;  a  fenfible 
imoreflion  confifts.in  an  order  of  moved  nervous 

JT  '  \ 

particles,  which  coincides  with  the  order  of  the  pref- 
ling  or  impelling  particles  of  the  external  objed. 

§,  501.  As  the  nerves  have  a  certain  degree  of 
elafticity  (§.  495.)  fo  it  is  thence  a  natural  confe- 
quence,  that  the  impreflions,  on  the  outmoft  extre¬ 
mities  of  a  nerve,  proceed  inftantaneoufly  through  it 
quite  to  the  place  of  its  origin  ;  as  one  part  ever 
communicates  to  the  other,  with  which  it  is  in  con- 
tad,  the  conceived  impulfe  or  preflion. 

§,  502.  The  place,  where  the  nerves  of  the  five 
organs  of  fenfe  ftand  conneded  together,  is  called 
the  common  [enjbry.  But  in  what  part  in  the  head 
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it  may  be,  the  moft  accurate  anatomifts  have  not 
hitherto  been  able  to  affirm  with  any  degree  of  cer¬ 
tainty.  The  feveral  opinions  about  it  profeffor 
Langguth  has  diftindtly  and  folidly  defcribed  in  his 
deputation,  entitled  Communis  Senforii  hiftoria.  Rid¬ 
ley  in  his  Anatomia  cerebri ,  c.  17.  gives  a  probable 
preference  to  the  opinion  of  thofe,  who  feek  for  the 
common  place  of  the  nerves  of  fenfation  in  the  out- 
moft  limits  of  the  medullary  fubftance  of  the  brain, 
where  it  is  encompaffed  with  the  cineritious  fub¬ 
ftance.  But  at  the  fame  time  owns,  that  with  all 
his  care  he  could  never  difcover  in  any  brain  fuch  a 
connexion  of  parts  as  the  authors  of  this  opinion  form 
to  themfelves.  '  But  now  fo  latent  foever  as  is  the 
place,  at  which  the  fenfible  impreffions  at  length 
arrive,  yet  from  their  duration,  conftancy  and  va¬ 
riety,  fome  properties  of  this  receptacle  may  be  dis¬ 
covered. 

§.  503.  To  the  foul,  often  againft  her  expedtation 
and  defire,  corporeal  objedls,  which  Ihe  had  for¬ 
merly  perceived,  make  their  appearance ;  but  which 
now,  as  they  offer  to  her  again,  adt  not  at  all  on 
the  nerves  of  fenfation.  Now  if  the  foul  has  for¬ 
merly,  on  perceiving  thefe  objedls  by  the  fenfible 
impreffions,  been  excited  to  reprefent  to  herfelf  the 
objedls  perceived  \  we  can  thence  make  no  other 
conclufion,  but  that  the  fenfible  impreffions  mull 
fomewhere  or  other  remain  without  the  foul  in  her 
body,  on  the  abfent  objedls  unexpedtedly  breaking 
in  upon  her  again* 
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To  deny  this,  you  mud  fhew,  that  they  arofe 
anew,  either  in  the  nerves  of  fenfation,  or  in  their 
common  place,  by  means  of  certain  internal  mo¬ 
tions.  But  whence  fhould  thefe  motions  be  excited  ? 
fhould  they  take  their  rife  from  the  foul  ?  The  ob¬ 
jects  appear  to  her  unexpected  and  undefired.  Should 
they  be  anew  produced  by  the  objects  themfelves 
formerly  perceived  ?  Thefe  are  abfent,  and  can  now 
by  no  means  act  on  the  fenfible  organs.  Should  the 
matter  in  the  nerves  and  brain,  by  the  former  ac¬ 
tions  of  the  external  objects,  be  put  in  a  condition 
of  coming  at  certain  times  into  fuch  a  mutual  con¬ 
nection,  as  is  equal  or  fimilar  to  a  fenfible  impref- 
fion  ?  Let  a  figure  be  imprefied  in  wax  as  often  as 
you  will,  by  and  upon  each  other  ;  and  then  let  the 
imprefied  figures  be  fmoothed  over  and  blended  to¬ 
gether,  fo  as  all  of  them  fhall  difappear ;  and  then 
let  the  particles  of  the  wax  be  put  in  motion  by 
heat ;  will  ever  any  of  the  imprefied  figures  make 
their  appearance  again,  fo  either  the  particles  of  the 
wax  are  moved  to  and  fro  by  the  heat,  or,  on  its 
decreafe  again,  acquire  a  firm  cohefion  }  if  the  figure 
be  not  anew  imprefied  thereon  ? 

§.  504.  Many  fenfible  imprefilons,  which  have 
arifen  in  a  man’s  firtt  early  years,  remain  all  his  life 
long  in  their  common  place  or  fenfory.  Many 
among  them  are  fo  conftant,  as  not  to  decay,  tho* 
unrenewed  again  for  20,  30  or  more  years.  For,  at 
times  there  arife  iq  the  foul,  againft  her  will,  ideas 
of  obje&s,  about  which  fhe  had  no  farther  thought 

for 
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for  20,  30  or  more  years.  Not  many  years  ago, 
things  prefented  themfelves  to  me  in  dreams,  that 
happened  in  my  childhood,  but  which  in  all  this 
length  of  time  had  never  once  offered  themfelves  to 
me  awake.  Now  if  we  confider,  that  fuch  fenfible 
impreffions  have  not  been  quite  difturbed,  though 
for  all  this  long  traCt  of  time  the  brain  received  every 
moment  many  other  impreffions ;  we  may  hence 
with  good  grounds  conjecture,  that  the  common  re¬ 
ceptacle  or  repofitory  of  the  fenfible  impreffions ,  or  their 
place  of  collections  confifts  of  uncommonly  durable 
particles. 

;  .  It  is  true,  indeed,  that  thoughts  of  former  old 
things  are  often  wont  to  come  into  one’s  mind, 
either  on  perceiving  fomething  refembling  a  thing 
we  long  ago  perceived,  or  otherwife  thinking  on 
other  abfent  things,  and  having  in  the  brain  a  va¬ 
riety  of  motions.  And  hence  we  might  conjecture, 
that  poffibly  the  motions  in  the  brain,  and  the  new 
and  fimilar  fenfible  impreffions  in  the  parts  thereof, 
caufed  fuch  a  connedion,  as  coincided  with  a  former 
old  fenfible  impreffion.  But,  in  cafe  nothing  of  this 
former  old  impreffion  is  any  longer  extant,  there  is 
in  the  newly  arifen  connection  of  parts  no  trace  of 
-  that,  from  which  the  foul  can  diftinguifh,  that  the 
objeCls,  thereby  reprefented,  were  formerly  perceiv¬ 
ed,  and  are  now  abfent. 

§.  505.  This  common  receptacle  or  repofitory, 
may  therefore  be  entirely  diftinCt  from  the  foft  fub- 
ftance  of  the  brain.  For,  how  otherwife  ffiould  the 

fenfible 
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fenfible  impreffions  retain  therein  fo  long  and  fo  tin- 
difturbed  a  duration  ?  As  the  juices,  fmall  veffels 
and  tubes  are  ever  undergoing  one  degree  of  decay 
after  another,  and  ever  one  new  recruit  of  the  waft¬ 
ing  matters  after  another. 

To  imagine,  the  fenfible  impreffions  were  to  be 
found  in  the  wafting  parts  of  the  brain  ;  and  the 
new,  replacing  their  wafte,  as  coming  into  their 
Head,  alfo  had  their  fenfible  impreffions  :  it  would 
remain  to  affign  the  reafon,why  fuch  motions  fhould 
be  produced  in  the  acceding  and  replacing  particles, 
whereby  the  fenfible  impreffions  were  arifen  in  the 
wafting  parts. 

§.  50 6.  It  often  happens,  that  thoughts  drop  into 
the  foul  without  her  feeking  and  labour,  which  fhe 
had  formerly  either  awake  or  dreaming  combined 
together  from  ideas  of  fenfible  objeds.  Alfo  at  times 
one  dreams  of  things,  which  he  had  formerly  imaged  to 
him  in  a  dream.  I  myfelf  had  a  dream,  in  which  I 
faw  a  certain  city,  and  in  my  dream  believed,  I  had 
formerly  been  in  that  city,  but  could  not  recoiled:, 
when  this  could  have  happened.  But  as  I  awaked, 

I  bethought  me,  that  about  five  years  before  I  had 
this  very  city  prefented  to  me  in  a  dream.  And 
this  is  a  fign,  that  in  the  receptacle  of  the  fenfible 
impreffions,  there  arife  certain  new  combinations 
among  them,  when  the  foul  connects  together  her 
ideas  of  fenfible  objeds.  Otherwife  no  reafon  could 

be  affigned,  whereby  the  foul  fhould  have  an  occa- 
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fion  given  her  for  a  thought,  on  which  fhe  employs 
no  labour. 

§.  507.  It  does  not,  indeed,  admit  explanation, 
how  the  foul  can  combine  together  the  fenfible  im¬ 
preffions.  But  fhould  any  deny  her  the  power  of 
doing  fo  ;  no  reafon  could  be  affigned,  by  which  the 
fingle  fenfible  impreffions  could  be  brought  to  a  cer¬ 
tain  connection,  on  the  foul’s  comparing  together 
the  ideas  of  fenfible  objects,  and  from  many  fingle 
ideas  putting  together,  for  inftance,  an  idea  of  a 
building,  never  yet  eredted,  or  of  a  machine,  never 
yet  executed. 

§.  508.  The  common  receptacle  of  the  fenfible 
impreffions  ferves  therefore  partly  for  the  foul  to  be 
able  again  to  renew  in  herfelf  the  ideas  and  thoughts 
fhe  formerly  had  had  of  fenfible  objedls  ;  partly,  by 
attending  to  the  fenfible  impreffions,  find  an  oppor- 
nity  to  put  together  thoughts  of  corporeal  objedls, 
and  thereby  find  out  infinite  combinations  of  fuch 
thoughts.  In  regard  to  the  firfl  ufe,  the  common 
receptacle  of  the  fenfible  impreffions  maybe  compar¬ 
ed  to  an  index,  pointing  to  the  contents  of  a  book  ; 
and  in  regard  to  the  lail  ufe,  it  may  be  conceived 
of,  as  a  working-place  or  laboratory,  in  which  the 
foul  is  bulled  about  her  refiedlions  on  the  objedls  and 
images  to  be  found  therein. 

§.  509.  The  receptacle  of  the  fenfible  impreffions 
is  not  only  fubjedt  to  the  adlions  of  the  nerves  of 
fenfation,  from  which  it  receives  the  impreffions 
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from  external  objeCts,  but  alfo  to  the  motions  of  the 
brain.  This  laft  is  perceivable  from  the  nerves  of 
fenfation,  {landing  in  the  clofefl  connection  with  the 
brain.  And  thus  if  a  motion  arifes  in  the  juices  of  the 
brain,  the  nerves  of  fenfation  in  the  brain  cannot  re¬ 
main  unafFedted  thereby. 

§.  510.  If  therefore  the  juices  of  the  brain  come 
into  any  diforder,  there  alfo  arife  diforderly  motions 
in  the  receptacle  of  the  fenfible  impreffions. 

§.  51 1.  So  foon  as  in  the  faid  receptacle  a  motion 
arifes,  fo  foon  does  an  idea  thereof  arife  in  the  foul, 
without  the  foul  being  able  not  to  fuffer  this  idea  to 
arife  in  her.  For,  if  a  nerve  of  fenfation  is  touched 
or  affeCted,  the  fenfation  thereof  in  the  foul  is  un¬ 
avoidable.  But  the  change  produced  in  the  nerve  is 
inflantly  propagated  to  the  place  of  its  origin 

(§•  494*) 

§.  512.  So  that  the  foul  is  neceffitated  to  exhibit 
to  herfelf  alfo  the  diforderly  motions,  which  arife 
in  her  laboratory,  from  the  diforderly  motions  of 
the  juices  of  the  brain. 

§.  513.  If  the  foul,  by  fuch  motions,  is  hindered 
i  from  confidering  the  impreffions  made  in  her  laho- 
,  ratory  ;  or  if  they  are  put  into  diforder,  fhe  can  ufe 
!  neither  her  memory  nor  her  under  (landing  in  the 
,  cafe  of  objeCls,  with  whofe  ideas  certain  impreffions 
are  at  the  fame  time  arifen  in  the  faid  laboratory. 

:  For,  fhe  thinks  on  and  recolleCts  a  thing,  formerly 
known  to  her,  fo  the  idea  formed  thereon  prefents 
itfelf  again  before  her,  and  fhe  befides  allured,  that 

fhe 
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Hie  had  had  it  before.  But  in  order  to  allure  her« 
felf  thereof,  Ihe  mull  obferve  in  the  idea,  anew 
arifen,  that  very  thing  Ihe  had  obferved  therein  on 
its  firfb  rife.  And  this  cannot  more  properly  hap* 
pen  than  if  ihe  confiders  the  impreffion  now  actually 
exifting  in  her  laboratory,  and  adapted  to  this  idea. 
Änd  thus  if  hindered  in  this  confideration,  neither  is 
Hie  in  cafe  to  recoiled!:,  that  Ihe  had  formerly  had 
an  idea  of  this  thing.  For  the  foul,  to  think  with 
underftanding  on  a  thing,  and  form  a  right  judg¬ 
ment,  when  either  affirming  or  denying  any  thing 
about  it,  Jfhe  has  to  compare  the  idea  of  the  thing, 
about  which  Hie  would  form  a  judgment,  with  the 
idea  of  what  Hie  is  to  affirm  or  deny  about  the 
thing,  and  to  attend  to  the  agreement  or  difagree- 
ment  of  thefe  ideas.  And  if  Hie  makes  this  compa- 
rifon,  the  ideas  will  be  excited  either  with  or  with¬ 
out  the  fenfation.  With  the  fenfation  the  foul  can 
no  otherwife  receive  an  idea,  than  as  a  certain  im« 
preffion  is  made  in  her  laboratory  (§.  501.) 

It  therefore  the  nerves  of  fenfation  are,  by  the 
nature  and  commotion  of  the  blood  and  other  juices 
in  the  body  and  brain,  put  into  fuch  a  condition,  as 
that  the  motion  excited  by  an  external  objedt  in  an, 
organ  of  fenfe,  cannot  be  propagated  to  the  receptacle: 
of  the  fenfible  imprefficns  ^  fo  neither  can  the  foull 
receive  any  idea  of  the  adlion  of  the  objedl,  and  con— 
fequently  form  a  judgment  about  it.  And  thus  io 
is  poffible  for  perfons,  difordered  in  their  brain,  fo  to: 
mutilate  their  limbs,  without  perceiving  any  fmartj 

or 
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or  pain,  which  they  might  otherwife  have  from 
fuch  an  ad.  An  extraordinary  example  of  fuch  a 
frantick  perfon  was  in  1743  communicated  to  me 
from  Lauban  by  a  perfon  of  credit.  In  the  January 
of  that  year  a  journeyman  weaver  there,  who  for  a 
year  and  a  half  before  had  been  afflided  with  a  me¬ 
lancholy  diforder,  gave  himfelf  with  a  fheers  up¬ 
wards  of  thirty  ftabs  in  the  body,  fome  of  them  only 
going  any  thing  deep,  and  then  he  caftrated  himfelf. 

In  binding  up  his  wounds,  he  complained  of  little 
pain.  In  a  few  days  after,  as  his  friends  had  ne- 
gleded  to  look  after  him,  he  fnatched  up  a  blunt 
hatchet,  and  cut  off  the  foot  above  the  ankle,  in 
doing  which  he  was  obliged  to  fetch  above  eight 
ftrokes  •,  and  throwing  away  the  foot,  he  hopped 
about  the  room  on  one  leg.  If  a  foul  in  her  labora¬ 
tory  can  unhindered  confider  the  impreffions  extant ; 
it  is  eafy  for  her,  in  judging  of  a  thing,  to  form  to 
herfelf  anew  the  ideas  neceffary  thereto,  which  die 
had  formerly  imprinted  in  her.  It  is  diffidently 
known,  how  the  thoughts  flow  in,  as  it  were,  upon 
the  foul,  when  the  juices  of  the  body  and  brain  have 
been  heightened  and  exalted  by  certain  meats  and 
drinks  ;  and  how  at  other  times,  when  one  knows, 
a  certain  fluggifhnefs  prevails  in  the  juices  of  the 
body,  the  finding  out  thoughts,  or  the  invention, 
proceeds  but  flowly  and  with  difficulty.  If  there¬ 
fore  the  laboratory  of  the  foul  is  by  a  diftemperature 
of  its  body  filled  with  confufed  motions,  that  either 
the  impreffions,  made  therein,  fall  into  fome  difor- 
Vol.  II.  L  der. 
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der,  or  the  foul  cannot  therefore  confider  them,  as 
being  {Wallowed  up  in  too  many  irregular  thoughts : 
the  foul  is  thus  incapable  of  judging  rationally. 

§.  514.  In  fome  men,  that  by  fevere  ficknefs  and 
other  accidents  have  loft  the  me  of  memory  and  rea- 
fon,  fuch  circumftances  öfter,  that  it  fhould  ap¬ 
pear,  as  if  this  lofs  arofe  from  the  fenfibie  impref- 
fions  being  entirely  vitiated  in  their  receptacles. 
Some  perfons  difordered  in  their  minds  continue  for 
a  long  time  in  their  confufion,  and  never  again  re¬ 
cover  the  ufe  of  their  understanding.  In  the  great 
plague  at  Athens ,  described  by  Thucydides  in  his  hif- 
tory  of  the  Pghponnefian  war,  book  2.  many  perfons 
had  loft  their  memory  ^  fo  that,  after  their  recovery, 
they  neither  knew  their  friends  nor  themfelves.  But 
fo  eafy  as  it  might  be  to  explain  from  the  extinction 
of  the  fenfibie  impreffions,  how  it  were  poftible,  for 
a  foul  to  come  to  be  without  memory  and  without 

underftanding  *,  fo  difficult  is  it  to  ihew  this  extinc¬ 
tion  from  the  inftance  of  thefe  wretched  perfons. 
Thucydides  has  omitted  to  remark,  whether  the 
Athenians ,  deprived  of  memory  by  the  plague,  ever 
after  came  to  be  themfelves,  fo  far  as  to  recoiled 
that  they  lived  before  the  time  of  the  plague,  and 
that  thefe  and  the  other  perfons  were  their  friends 
and  acquaintance.  Many  people,  who  continue  dif¬ 
ordered  in  their  fenfes  till  their  deaths,  have  at  times 
what  is  called  a  lucid  interval ;  when,  for  inftance, 
they  can  regularly  relate  a  fad,  form  a  right  judg¬ 
ment  of  certain  things,  and  behave  reafonably  to¬ 
wards 
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wards  the  company  prefent.  A  wine  merchant  of  Ta- 
rent  urn ,  of  whom  Arißotle  makes  mention  in  his  7 rfi 

kzvfJLxcriMv  ax'scruxTODV)  in  the  night  time  turned 
foolifh  and  fenfelefs  ;  and  on  the  contrary  in  the  day 
time  carried  on  his  wine-bufmefs  with  good  difcre- 
tion,  alfo  carried  the  key  for  his  things  with  fo  great 
care  with  him,  that  he  never  loft  it,  though  attempts 
were  made  to  trick  him  out  of  it.  There  are  men, 
who  immediately  after  a  fit  of  madnefs  talk  and  be¬ 
have  with  underftanding,  and  exadly  recoiled  what 
they  were  confcious  of  before  their  wretched  ftate. 
M.  Plainer  in  his  programma,  intitled  Medicos  de 
infants  &  furiofis  audiendos  ejfe ,  makes  mention  of  a 
woman,  who  for  20  years  had  been  deprived  of  the 
life  of  her  underftanding,  but  recovered  it  again  by 
a  fall  from  a  high  rock,  with  the  fradure  of  an  arm. 
Were  the  fenftble  impreffions,  which  were  in  the 
laboratory  of  the  foul  before  the  confute  ftate  of 
this  perfon,  fuppofed  to  be  entirely  vitiated  by  the 
violent  motions  of  the  blood  and  other  juices ;  how 
could  this  perfon,  after  the  fall  from  the  rock,  be 
able  to  recoiled  again  diredly  the  things,  which  fine 
had  perceived  and  was  confcious  of  upwards  of  20 
years  before  ? 

§.  515.  If  the  confufe  motions,  arifen  in  the  recep¬ 
tacle  of  the  fenfible  impreffions,  are  laid  ;  the  con- 
fufion  of  thoughts  thence  arifen  in  the  foul,  of  courfe 
alfo  ceafes.  For  the  firft  to  happen,  the  juices  of  the 
brain,  whereby  the  laboratoryof  the  foul  has  been  dis¬ 
ordered,  muft  either  no  longer  ad  thereon,  or  come 
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into  their  former  order.  But  whether  directly  there- 
with  the  diforder,  produced  in  the  receptacle  of  the 
fenfxbie  imprehlons,  ceafes,  cannot  fo  abfoiutely  be 
either  affirmed  or  denied.  In  the  faid  receptacle  no 
motion  can  well  anfe,  which  fhould  not  for  fome 
time,  how  fmall  foever,  leave  behind  it  a  trace.  If 
theie  traces  have  a  certain  degree  of  (Length,  they 
may,  notwithstanding  the  order  refhored  in  the  brain, 
caufe  the  foul  to  think  diforderly  :  and  this  diforder 
give  occafion  to  a  new  difhurbance  in  the  juices  of 
the  brain  ;  as  the  foul,  fo  long  as  it  (lands  in  inter- 
courfe  with  her  body,  never  once  thinks,  but  at  the 
fame  time  a  certain  alteration  precedes  in  the  body. 
And  this  may  be  reckoned  among  the  reafons,  why 
many  perfons  who  have  been  freed  from  phrenzy  and 
madnefs,  after  fome  time  relapfe  again. 

§.516.  For,  this  not  to  happen  ;  the  traces  of  con- 
fufion,  left  behind  in  the  laboratory  of  the  foul, 
mud  either  difappear,or  become  undifcernable  to  the 
foul.  Difappear,  when  other  imprefllons  come  in 
their  place.  Become  undiftinguifliable  to  the  foul, 
when  not  renewed  by  any  new  motion,  and  the  foul 
is  with- held  from  perceiving  them  by  the  excitation 
of  other  thoughts.  For  a  foul  therefore  to  be 
confirmed  in  her  reilored  ufe  of  reafion  j  it  is  requifite 
partly,  to  ufe  proper  means,  whereby  the  juices  of 
the  body  may  continue  in  their  order  again  reftored  •, 
partly,  to  avoid  the  occafions  whereby  the  traces  of 
the  confufion  may  be  renewed ;  partly,  to  employ  the 
nerves  of  fenfation  on  fuch  motions,  whereby  in  the 
3  laboratory 
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laboratory  of  the  foul  orderly  and  lively  impreffions 
may  arife,  which  excite  the  foul’s  attention,  and  gra¬ 
dually  wean  her  from  thinking  on  any  thing  of  the 
old  diforder  of  her  ideas. 

§.  517.  The  foul  is  wont  to  form  judgments  as 
well  awake  as  adep.  But  awake  fitter  for  it  than 
afleep.  If  we  befides  confider,  that  awake  fhe  often 
forms  affirmative  and  negative  judgments,  for  which 
fhe  ufes  not  the  fenfible  ideas,  fhe  at  the  fame  time 
acquires  by  the  nerves  of  fcnfation  ;  it  comes  to  be 
matter  of  wonder,  what  fhould  hinder  her,  to  be  as 
fitted  to  form  judgments  afleep.  If  fometimes  the 
organs  of  fenfation  are  flrongly  adted  upon  by  ex¬ 
ternal  objects,  it  proves  hard  for  the  foul  to  confider 
the  ideas  of  fuch  objects,  as  fine  then  perceives  not. 

In  deep  fhe  is  fet  free  from  fuch  impediments.  And 
why  thus  may  fhe  not  juft  with  as  much  eafe  and 
juftnefs  form  judgments  afleep,  as  awake  ?  The 
reafon  of  this  is  in  the  body,  and  we  may  explain  it 
as  follows.  The  foul,  in  order  to  form  judgments  of 
objects,  which  fhe  perceives  not,  mud  produce 
again  in  herfelf  the  ideas»  which  fhe  had  formerly 
of  them  ;  and  as  well  in  the  cafe  of  each  in  particu¬ 
lar  attend  to  what  it  exhibits,  as  alfo  compare  one 
idea  with  another,  and  obferve  their  agreement  and 
di {agreement.  For  inllance,  in  the  idea  of  the  fun 
is  contained  at  the  fame  time  the  idea  of  roundnefs. 

And  hence  arifes  the  judgment,  viz.  the  fun  ap¬ 
pears  round.  If  ideas  arife  anew  in  the  foul,  with 
which  at  firfb  there  were  at  the  fame  time  in  the  la- 
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boratory  of  the  foul  certain  impreffions  made  ;  the 
faid  impreiTions  will  be  alfo  excited  again.  And  lo 
long  as  fuch  an  impreffion  is  in  motion,  and  remains 
diftinguifhable  above  others;  fo  long  alfo  the  idea, 
which  {lands  in  a  certain  relation  therewith,  lafts  in 
the  foul  (§.  503.  506).  If  therefore  the  receptacle 
of  the  fenftble  impreiTions  is  in  fuch  a  ftate,  as  that 
the  foul  can  confider  one  impreffion  after  the  other 
by  a  certain  time,  and  in  each  perceive  the  particu¬ 
lar  parts  ;  it  is  eafy  for  her  to  form  judgments  of 
the  objects ;  the  ideas  of  which  have  a  reference  to 
the  impreiTions :  whereas  it  muft  be  difficult  for 
her,  when  the  receptacle  of  the  fenftble  impreffions 
is  put  out  of  that  ftate.  This  happens,  when  the 
impreffions  made  therein  fall,  by  the  actions  of  an 
external  caufe,  into  fo  many  motions,  that  the  foul 
cannot  fufficiently  confider  any  one  impreffion  ;  or 
are  intermixed  with  fo  many  new  and  conftantly  in¬ 
terchanging  impreffions,  that  the  foul  is  not  able  to 
diredt  her  attention  and  refledtion  on  the  impreffions, 
formerly  made  ;  from  the  confideration  of  which 
fheis  to  form  judgments  on  certain  objedts.  Such 
adtions  may  be  caufed  as  well  by  bodies,  which  exift: 
without  the  organs  of  fenfe,  as  alio  by  the  juices 
oi  the  brain.  Experience  teaches  both.  How  or¬ 
ten  are  not  men  rendered  infenfible  for  fome  time 
by  a  fall,  a  violent  pain,  a  flafh  of  lightening  ?  How 
many  men  fall  not  by  the  tainted  juices  of  their  body 
into  a  confufton  of  thoughts  ?  And  fuch  people 
too  awake  are  not  mafters  of  their  underftanding. 

But 
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But  as  awake  we  can  intelligently  form  judgments, 
when  body  and  brain  are  found  ;  we  may  hence 
with  good  grounds  conclude,  that  the  foul  awake 
is  therefore  more  fitted  for  forming  judgments  than 
afieep  :  as  at  the  time  of  being  awake,  :n  confidering 
the  impreffions  made  in  her  laboratory,  no  fuch  im¬ 
pediment  is  made  to  her  by  the  adtions  of  the  brain, 
as  at  the  time  of  being  afieep* 

This  would  appear  more  diftindtly,  could  we 
circumftantiaily  explain  what  may  be  the  cafe  with 
the  nerves  of  fenfation,  when  they  are  fpent  and 
weak,  and  caufe  fieep. 

Awake  the  foul  difidnguifites  two  forts  of  imp  ref- 
fions  in  her  laboratory  ;  fome  exhibiting  corporeal 
objects,  which  adt  on  the  nerves  of  fenfation  :  but 
others,  fuch  objedts,  as  at  this  time  caufe  no  motion 
in  them.  The  external  adlion,  whereby  the  firfb 
arife,  is  ftronger  than  the  action,  whereby  the  others 
are  again  put  in  motion.  And  therefore  the  firfl 
are  more  diftinguifhable  by  the  foul  than  the  laft. 

And  fo  the  foul  obferves  this  difference,  fhe  knows, 
how  far  fhe  thinks  on  objedts,  which  at  the  very 
time  fhe  thinks  on  them,  aft  on  the  organs  of  fenie  ; 
and  how  far  her  thoughts  are  diredted  on  no  fuch 
objedts.  And  as  thus  awake  fine  cannot  confound 
together  both  thefe  thoughts }  fhe  is  alfo  the  more 
fitted  to  form  judgments  of  each  in  particular. 

§.  518.  As  the  foul  awake  can  judge  intelligently 
of  objedts,  which  add  not  on  the  organs  of  fenfation, 
when  the  impreffions  formerly  arifen  in  the  labora- 
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tory  of  the  foul,  which  have  a  reference  to  thefe  ob¬ 
jects,  remain  in  fuch  a  condition,  as  that  they  may 
be  confidered  as  well  apart,  as  alfo  compared  toge¬ 
ther  ;  it  may  hence  be  concluded,  that  at  the  time, 
when  the  foul  afleep  thinks  regularly  of  fuch  objects, 
the  impreflions  extant  in  her  laboratory  are  in  fuch 
a  condition,  and  therefore  are  not  diflurbed  by  the 
juices  of  the  brain  in  motion.  The  thoughts  of  the 
foul  afleep  are  called  dreams.  So  that  the  reafon  is 
clear,  why  the  foul  fometimes  thinks,  forms  judg¬ 
ments  and  conclufions,  as  regularly  afleep  as  awake. 
Gajfendi  in  his  Phy ticks,  feet.  3.  membr.  pofler.  lib. 
8.  c.  6.  and  baron  Wo  If  ms  in  his  Pfychologia  rationalise 
§.  419.  adduce  lbme  remarkable  inftances  thereof 
from  their  own  experience.  From  the  examples, 
which  I  have  from  time  to  time  marked  down  for 
my  own  ufe  and  recollection,  I  perceive,  that  many 
times  dreaming  1  have  told  the  years  pail,  and  be¬ 
thought  me  of  times,  in  which  certain  things  had 
happened  ;  recounted  to  one  perfon  the  life  of  ano¬ 
ther  ;  given  advice  in  dubious  and  important  cafes  ; 
made  reflections  on  the  divine  providence  ;  put  ju¬ 
dicial  queries  in  cafes  otherwife  unknown  to  me,  al¬ 
fo  heard  fuch  queries  put  and  anfwers  made  ;  noted 
down  a  variety  of  different  things  ;  mandated  out  of 
one  language  into  another;  heard  a  long  German 
poem,  which  I  had  never  before  known,  read  to  me 
by  a  known  friend ;  I  have  either  reflected  on  the 
nature  of  dreams,  or  on  account  of  a  thing,  which 
offered  in  dreaming,  frarted  the  doubt,  whether  it 
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might  not  be  a  dream  ;  or  held  dreams  for  dreams  ; 
or  when  I  have  been  in  cares,  have  dreamed,  that  I 
ftruggled,  not  to  awake ;  made  add  redes  both  in  Latin 
and  German  to  perfons  living  and  dead  ;  affifted  at  a 
learned  difpute  about  the  origin  or  etymology  of  a 
word  ;  and  on  that  account  turned  over  a  variety  of 
di&ionaries  ;  made  and  delivered  harangues ;  read 
over  whole  pages  and  leaves  in  writings,  which  I 
never  once  had  a  fight  of;  finade  definitions  and 
formed  conclufions  in  the  firft  figure  ;  fhewed  certain 
perfons  into  what  whims  people  have  fallen  in  diffe¬ 
rent  branches  of  learning  ;  I  have  made  a  variety  of 
inquiries  into  things,  that  regard  the  foul ;  as  for  in¬ 
dance,  how  in  fenfible  things  one  muff  diftinguiffi 
what  is  actual  from  what  is  apparent ;  how  a  think¬ 
ing  fubdance  differs  from  a  body  ;  whence  the  foul 
took  its  rife  ;  what  we  are  to  hold  about  Pythagoras' s 
opinions  of  the  foul ;  into  what  condition  the  foul  is 
to  happen  after  the  death  of  her  body  ;  whether  to 
fail  into  a  long  dream,  or  diredtly  attain  to  think  of 
new  objects. 

§.  519.  Sound  deep  is  properly  a  date,  in  which 
the  foul  can  therefore  by  the  organs  of  fenfe  attain 
no  clear  fenfation,  as  they  all  of  them  are  tired  or 
fpent.  if  not  all  tired,  the  foul  deeps  not  found, 
but  wakes  dill  in  part,  in  regard  to  the  clear  fenfa- 
i  tions  die  acquires  by  certain  nerves  of  fenfation. 

Some  years  ago  I  heard  an  officer  of  experience  in  a 
'  very  refpedlable  company  relate,  how  fornetimes  he 
, '  had  been  obliged  to  march  with  his  men,  but  fo 
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ipent  and  fatigued,  that  he  and  his  men  marched 
on  as  it  were  dreaming,  as  in  going  their  eyes  con* 
ftantly  fell  together ;  adding  this  remark,  that  he 
could  fcarce  have  believed,  one  could,  as  it  were, 
go  dreaming,  had  he  not  known  it  from  his  own  ex¬ 
perience,,  The  moft  remarkable  fpecies  of  a  fleep, 
not  found,  is  that  of  the  night-walker,  in  which 
barely  the  nerves  of  feeling  or  touch,  have  the  due 
adlivity  to  bring  into  the  laboratory  of  the  foul  fuch 
Impreffions,  whereby  the  foul  is  capable  of  perceiv¬ 
ing  the  corporeal  things,  by  which  the  nerves  of 
contadf  are  affedted.  Now  as  moft  objedts,  which 
©therwile  become  known  to  the  foul  by  the  eye, 
may  be  perceived  by  the  touch  ,  hence  it  may  be 
feen,  that  the  adlions  of  a  night-walker  are  properly 
undertaken  not  adeep  but  awake.  The  adtivky  of 
the  nerves  of  feeling  conveys  to  a  night-walker  in 
the  night,  when  as  to  the  reft  of  the  nerves  he  is 
afleep,  even  as  ftrong  impreffions  into  the  laboratory 
oi  the  foul,  as  in  the  day-time,  when  the  nerves  in 
the  other  organs  of  the  fenfes  have  their  due  degree 
of  activity.  So  that  the  foul,  by  conlidering  the 
impreffions  made  by  the  nerves  of  touch,  can  diftin- 
guifh  the  corporeal  objects,  which  aft  on  the  nerves 
of  touch,  as  clearly  in  the  night,  as  fhe  diftinguifhes 
in  the  day  the  objedts  that  may  be  felt.  If  one  con- 
fiders  this,  the  wonder  at  what  night-walkers  ufually 
do,  will  be  in  fome  meafure  abated.  There  are 
men  born  blind,  who  by  the  long  ufe  of  their  touch 
are  little  fhort  of  thofe  with  eye-fight,  in  the  per¬ 
ception 
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ception  of  objeds.  A  night-walker,  at  the  time  he 
is  fuch,  has  juft  as  intenfe  a  touch  as  a  blind  man, 
when  awake.  To  the  fete  of  ordinary  waking, 
when  all  the  nerves  of  fenfation  have  their  due  de¬ 
gree  of  adivity,  the  vivacity  of  the  nerves  of  touch 
contributes  juft  as  much,  as  a  fpecies  of  the  other 
nerves.  So  that  in  a  night-walker,  by  the  adivity 
of  the  nerves  of  touch,  alfo  the  juices  of  the  brain 
are  fo  with-held,  as  to  be  able  to  produce  nothing 
in  the  laboratory  of  the  foul,  whereby  the  foul  might 
be  hindered  in  the  due  confideration  of  the  impref- 
fions  extant  therein. 

§.  520.  As  the  impreffions  in  the  laboratory  of 
the  foul  confifl  in  a  certain  order  of  the  parts  (§. 
500,  501.)  and  confequently  are  fomething  indivi¬ 
dual  and  compound  or  corporeal  ;  the  query  is, 
whether  the  foul,  when  fhe  thinks  either  on  fome-  * 
thing  incorporeal,  or  fomething  general  or  univer- 
fal,  can  find  any  thing  in  her  laboratory,  that 
fhould  give  occafion  thereunto  ?  For  what  fimili- 
i  tude  has  the  individual  with  the  general,  and  the 
corporeal  with  the  incorporeal  ?  What  fhould  the 
foul,  for  infence,  when  fhe  thinks  on  God,  on  a 
fpirit,  on  herfelf,  find  in  the  repofitory  of  the  fen- 
fible  impreffions,  that  could  in  any  meafure  only 
!  agree  with  herfelf,  with  a  fpirit,  with  God  ?  What 
I  can  be  done  in  this  repofitory,  that  fhould  reprefent 
in  general  a  fubfence,  for  infence,  a  force,  an  ef¬ 
fect  ?  And  thus  it  appears,  the  foul  might  confider 
univerfal  and  incorporeal  objeds,  be  her  laboratory 
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difpofed  how  it  will.  But  yet  experience  teaches, 
that  the  confideration  of  thefe  objeds,  ever  the  bet¬ 
ter  fucceeds  with  her,  the  lefs  her  laboratory  is  di- 
fturbed  by  the  juices  of  the  brain.  We  are  there¬ 
fore  to  enquire,  what  may  be  therein,  on  which  the 
foul,  alfo  in  thoughts  on  general  and  incorporeal  ob¬ 
jects,  direds  her  attention. 

A  general  object  is  nothing  other,  but  what  diffe¬ 
rent  objeds  have  in  common  with  each  other.  And 
thus  the  foul  diftinguifhes  fomething  general,  when 
in  the  ideas  of  different  things  fhe  obferves  what  in¬ 
dicates  their  coincidence  or  agreement.  For  in- 
ftance,  on  comparing  the  ideas  of-the  bodies  of  men 
and  beads  together,  fhe  obferves,  that  in  both  forts 
of  bodies  life  and  fpontaneous  motions  appear.  And 
thus  reprefenting  to  herfelf  fomething  animated 
and  with  fpontaneous  motions,  fhe  thinks  on  a  ge¬ 
neral  objed.  The  Hrfl  ideas,  in  which  fhe  begins 
to  feparate  or  abflrad  the  general,  exhibit  indivi¬ 
dual  fenfible  objeds,  certain  impreflions  of  which 
are  brought  into  the  laboratory  of  the  foul  (§.  500, 
501,  503,  504).  And  thus  beginning  to  form  to 
herfelf  ideas  of  general  objeds,  on  confidering  indi¬ 
viduals,  fhe  obferves  in  fome  impreflions,  made  by 
individual  objeds,  what  is  contained  in  the  one  as 
well  as  the  other.  And  therefore  as  to  the  thoughts 
or  notions,  in  which  the  foul  at  hrfl  begins  to  repre- 
fent  to  herfelf  general  objeds,  there  is  always  fome¬ 
thing  in  her  laboratory,  to  which  fhe  refers,  or  what  is 
one  and  the  fame  in  fome  individual  impreflions.  If 
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in  the  ideas  of  Tome  general  objedls,  which  differ 
mutually  from  each  other,  fhe  feparates  or  abftradh 
that,  by  which  they  are  not  different *  or  what  thefe 
general  objedls  have  in  common  with  each  other  ; 
fhe  thinks  on  things  flill  more  general.  Now  as  cer¬ 
tain  impreffions,  extant  in  the  laboratory  of  the 
foul,  refer  to  the  firft  general  objedis ;  there  is  alfo 
fomething  in  them,  that  has  a  certain  ratio  with  the 
flill  more  general  ideas.  For  inflance,  if  the  foul  of 
a  child  fees  at  firft  a  number  of  dogs,  fhe  forms  to 
herfelf  fome  ideas  of  individual  dogs ;  then  again  a 
number  of  cats,  fhe  forms  to  herfelf  fome  ideas  of 
individual  cats.  But  fhe  attains  thefe  ideas,  if  at  the 
fame  time  fenfible  impreffions,  which  reprefent  thefe 
individual  or  fingular  animals,  arife  in  her  labora¬ 
tory.  If  in  the  ideas  of  thefe  two  forts  of  individual 
animals,  fhe  obferves  as  well  what  the  fingular  dogs 
have  in  common  with  each  other ;  as  alfo  that, 
which  the  fingular  cats  agree  in  with  each  other ; 
fhe  forms  to  herfelf  two  general  ideas,  the  one  of 
which  reprefents  a  dog  in  general  ;  and  the  other, 
a  cat  in  general.  But  what  fhe  thinks  in  general  of 
of  a  dog  and  of  a  cat,  juft  that  very  thing  fhe  finds 
and  diftinguifhes  alfo  in  the  fenfible  impreffions, 
which  reached  the  laboratory  of  the  foul  from  the 
individual  dogs  and  cats  by  the  nerves  of  fenfation. 
From  thefe  two  general  ideas  arifes  one  flill  more 
general,  when  the  foul  attends  to  that,  which  dogs 
and  cats,  confidered  in  general,  are  mutually  alike  in. 
In  both,  fhe  diftinguifhes  four  feet,  organs  of  fenfe 
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and  fpontaneous  motions.  And  thus  fhe  forms  to 
herfelf  the  ftill  more  general  idea  of  a  four-footed 
animal.  But  what  the  alfo  thinks  in  this  more  ge¬ 
neral  idea  of  a  four-footed  animal,  that  very  thing  ike 
ftill-  finds  and  däftingüifhes  in  the  fenfible  impreffions 
which  have  arifen  in  her  repofitory,  as  fhe  perceiv¬ 
ed  the  individual  animals.  So  long  therefore  as  the 
foul,  in  the  ideas  of  corporeal  objects  feparates  the 
general,  fhe  always  thinks  on  fomething,  that  is  not 
indeed  reprefented  in  her  laboratory  as  general,  but 
yet  fingular  in  individual  knpreffions. 

If  the  foul  thinks  on  any  thing  incorporeal,  there 
is  nothing  at  all  in  her  laboratory,  which  fhould 
have  even  fo  much  as  the  appearance  of  an  image 
thereof.  But,  this  notwithstanding,  in  a  thought 
on  an  incorporeal  objedt  certain  ideas  are  contained, 
which  either  reprefent  fomething  corporeal,  or  have 
arifen  by  confiderin'g  corporeal  objedts  and  fenfible 
impreffions.  The  ideas  of  the  firfl  fpecies  offer, 
when  the  foul  diftinguifheS  an  incorporeal  object 
from  a  corporeal.  The  ideas  of  the  fecond  fpecies 
mix  themfelves  in,  fo  we  have  occafion,  in  the  cafe 
of  a  thought  of  an  incorporeal  object,  for  certain  ge¬ 
neral  ideas.  The'  foul  may  take  the  thoughts,  flie 
forms  on  herfelf  and  properties  as  inftances.  When 
fhe  reflects,  that  fhe  thinks,  die  reprefents  to  her¬ 
felf,  by  her  thinking,  an  action,  in  which  fhe  di- 
ftinguifhes  one  idea  or  one  objedt  from  the  other. 
But  in  the  idea,  with  which  fine  thinks  on  this  ac¬ 
tion,  is  there  not  contained  the  general  idea  of  an 
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aftion,  and  the  general  idea  of  diftinguifhing  in  ge¬ 
neral  ?  How  has  fhe  attained  thefe  general  ideas  ? 
Has  fhe  not  gradually  feparated  them  from  the  ideas 
of  different  actions,  which  fhe  came  to  know  by  the 
fenfes  ?  If  ihe  confiders  the  fpecies  of  her  forces 
or  powers,  file  by  that  means  gets  the  general  ideas  of 
forces  and  powers  in  general  But  whence  have  they  their 
origin?  Have  they  not  been  feparated  or  abftraded  from 
the  ideas  of  the  forces  of  different  bodies  ?  By  con- 
fidering  herfelf,  fhe  forms  to  herfelf  the  idea  of  a 
fpirit,  as  under  it  fhe  reprefents  to  herfelf  an  incor¬ 
poreal  fubftance,  with  underhand  ing  and  free  will 
Such  a  being  can  be  reprefented  or  imaged  by  no¬ 
thing  corporeal  But  thinks  the  foul  on  it  without 
the  general  idea  of  being  or  fubftance  in  general  ? 
And  has  fhe  not  formed  it  in  herfelf,  on  obferving 
in  the  ideas  of  individual  and  fenfible  fubftances  what 
in  all  of  them  is  one  and  the  fame  ?  Confider  we 
the  notion  of  God.  By  it  we  underhand  the  moft 
per  fed  fpirit,  who  formed,  and  governs  the  world. 
But  can  we  think  on  this,  without  having  at  the  fame 
time  the  general  ideas  of  an  adive  caufe  and  of  a 
governing  being  ?  And  therefore  it  fufficiently  ap~ 
l  pears,  that  the  thoughts  of  the  foul  about  incorpo- 
I  real  things  are,  in  her  prefent  ftate,  never  free  from 
ideas,  which  reprefent  fomething,  which  the  foul  at 
firft  had  diftinguifhed  in  the  impreftlons  of  her  labo- 
!;  ratory. 

And  thus  the  more  undifturbed  the  foul  can  di- 
red  her  attention  on  the  impreftlons,  extant  in  her 
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laboratory,  the  more  opportunity  ihe  has,  in  confi- 
dering  them,  to  attain  the  ideas,  without  which  it 
is  not  poffible  for  her  in  this  life  to  think  either  of 
any  thing  general,  or  of  any  thing  incorporeal. 

§.  521.  From  the  long  and  fteady  duration  of 
the  fenfible  and  other  impreffions  in  the  laboratory 
of  the  foul  it  appears,  that  it  muft  be  different  from 
the  foft  fubftance  of  the  brain,  by  an  uncommon 
degree  of  firmnefs  (§.  505,  506,  514).  Alfo  thefe 
parts  muft  be  of  a  quite  different  nature  from  the 
firm  matters,  which  are  diftinguifhable  in  the  brain 
and  head.  For,  how  foon  and  eafily  do  not  the  ex¬ 
tant  impreffions  come  again  into  motion,  when  either 
a  new  impreffion  arifes  by  the  nerves  ol  fenfation,  or 
the  foul  meditates  on  fomething !  Confider  we, 
befides,  the  number  of  the  impreffions,  which  the 
laboratory  of  a  foul  contains,  that  is  exercifed  in  dif¬ 
ferent  languages  and  fciences :  we  can  make  no 
other  conciufion,  but  that  this  laboratory  confifts  of 
incredibly  fubtle  parts.  For,  in  the  head  and  brain 
there  is  nothing  diftinguifhable,  that  fhould  exhibit 
this  laboratory.  But  yet  innumerable  impreffions 
are  contained  in  it.  And  thus  it  muff  be  a  corpuf- 
cle,  which  confifts  of  innumerable  parts  ;  and  yet  fo 
fmall,  as  to  remain  indiftinguifhable  by  the  fenfes. 
But  the  fmaller  a  whole,  and  the  greater  notwith- 

ftanding  the  number  of  its  particles,  the  more  fubtle 
they  are. 

§.  522.  We  have  therefore  no  reafon  to  appre¬ 
hend,  that  the  laboratory  of  the  foul  is  like  the 
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brain  and  the  other  vifible  parts  of  the  head  and 
body  fubjed  to  corruption.  And  thus  a  philofopher 
can  affirm  nothing  further  about  the  death  of  the 
man,  but  that  the  foul  quits  the  vifible  body.  Cud- 
worth  in  his  Intellectual  Syfiem ,  c.  5.  fed.  3.  §.  24. 
adduces  feveral  places  from  Irenaus  y  Origen  and 
other  fathers  for  this  opinion.  But  he  himfelf  at 
length  fays  :  4 6  What  hinders  a  man,  encompaffed 
only  with  a  covering  or  cloke,  afterwards  to  take  a 
plain  gown  and  a  loofer  attire  ?  And  this  will  appear 
much  lefs  wonderful,  if  we  refled  that  even  in  this 
very  life  we  have  now  a  double  body  ;  one,  more 
external  \  the  other,  more  internal.  Befldes  that 
unwieldy  body,  that  may  be  touched  and  feen,  we 
have  another  fpiritual  and  more  internal  body, 
which  our  foul  ufes  as  an  inftrument  to  perceive  and 
caufe  motions  with.  And  this  internal  body  is  not 
committed  to  the  earth  along  with  the  exterior,  nor 
placed  in  keeping  under  the  green  fod.”  Thus  far 
Cudworth. 

§.  523.  In  the  mundane  fpace  there  is  no  want 
of  matters,  which  in  fubtlety  are  equal  to  the  moil 
fubtle  parts,  with  which  the  nerves  of  fenfation  ad 
in  the  laboratory  of  the  foul.  We  need  go  no  far¬ 
ther  than  light  or  pure  aether  (§.  148,  212).  So 
that  the  firm,  fubtle  and  durable  fubflance  which 
forms  the  peculiar  habitation  of  the  foul  in  this  pre- 
fent  life  may,  after  that  her  commerce  with  her 
vifible  body  ceafes,  be  very  fitly  affeded  by  certain 
matters, ^or  gain  from  them  fuch  impreffions,  where- 
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by  the  foul  attains  a  knowledge  of  corporeal  things, 
which  by  the  fenfible  organs  of  her  prefent  vifible 
body  fhe  cannot  diftinguifh. 

§.  524.  When  the  foul  has,  by  the  imagination, 
an  idea  of  an  abfent ,  and  by  the  fenfation,  of  a  pre¬ 
fent  objedl ;  fhe  recollects  the  abfent  as  abfent,  by 
this  means,  viz.  that  the  idea  thereof  has  a  lefs  de¬ 
gree  of  clearnefs  than  the  idea  of  the  prefent  object, 
which  fhe  perceives.  And  thus  in  like  manner  the 
foul  in  the  life  to  come  may  recolledl  her  feparated 
body  and  her  former  flate,  fo  fhe  remain  united  with 
her  laboratory.  For,  as  its  ftrudlure  is  by  far  too 
firm,  to  be  dififevered  by  the  motions,  whereby 
barely  the  vifible  body  moulders  or  confumes  away  5 
fo  it  does  not  appear,  that  by  the  mouldering  there¬ 
of,  the  fenfible  imprefiions,  whereby  the  foul  has 
learned  to  diftinguifh  an  infinite  number  of  times 
her  own  body  and  other  corporeal  objedls,  fhould 
become  indiftinguiihable  to  her  in  her  laboratory. 
If  therefore  in  the  life  to  come  imprefiions  of  objedls, 
otherwife  unknown,  reach  her  abode,  feparated 
from  the  vifible  body  ;  by  confidering  and  compa¬ 
ring  together  the  new  and  the  old  imprefiions  fhe  is 
in  a  condition  to  diftinguifh  her  new  manner  of  life 
from  the  old,  and  thereby  to  recolledl  objedls  and 
occurrences,  with  which  fhe  was  acquainted  in  the 
prefent  life,  and  in  her  union  with  the  prefent  vifible 
bodv. 
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M  E  M  B  E  R  III. 

Of  the  Generation  of  animated  Bodies. 

/ 

\ 

CHAP.  I. 

Of  the  Species  of  Animals,  in.  regard  to  Ge¬ 
neration. 

§.  525.  rjl  O  generate  is  to  produce  one’s  like.  If 
jL  two  bodies  are  furnifhed  with  or¬ 
gans,  whole  concurrence  is  neceftary  to  this  purpofe, 
to  both  of  them  we  afcribe  a  fex. 

§.  526.  Some  animals  have  no  fex,  and  yet  they 
produce  their  like,  as  the  frefh  water  polypus  and 
mildew.*  The  laft  is  defcribed  by  Leuwenhoek  in 
his  90th  and  134th  letters*,  and  the  former  by  M. 
Trembley  in  his  Memoir  es  pour  fervir  a  /’  hiftoire  d'un 
genre  de  polypes  d'eau  douce  a  bras  en  forme  de  comes, 
and  alfo  in  N°  474  and  484  of  the  Philofophical 
Tranfabfions ,  and  by  Mr.  profdfor  Kaflner  in  the 
Hamburgh  Magazine,  T.  3.  P.  3.  in  his  account  of 
three  fpecies  of  polypufes,  which  he  had  found  near 
Lipfick .  In  N°  484  of  the  Philofophical  Pranfablions 
M.  T rembley  defcribes  the  manner,  in  which  different 
fpecies  of  polypufes  fitting  in  a  group  or  dufter, 
multiply  themfelves.  Thefe  final  1  animals,  fays  he, 

#  Called  alfo  by  the  Germans  blade-loufe. 
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have  the  form  almoft  of  a  bell.  Their  tore  extre¬ 
mity,  in  which  is  the  mouth,  and  which  may  be  con- 
fidered  as  the  head,  is  excavated  inwards,  and  refem- 
bles  the  open  fide  of  a  bell.  The  other  extremity 
ends  in  a  point,  and  in  this  point  a  ftalk  is  fattened. 
When  the  polypus  is  about  to  divide  itfelf,  it  nrtt 
draws  its  lips  inwards  into  the  body  *,  and  then 
gradually  afifumes  a  round  form.  And  immedia¬ 
tely  after  that  this  fmall  fpherical  body  is  formed, 
it  divides  itfelf  into  two  other  fuch  fpherical  bodies. 
Thefe  laft  open  themfelves  infenfibly  again  in  a  few 
minutes.  And  then  they  lofe  the  fpherical  form, 
and  turn  to  a  bell,  or  appear  juft  as  perfedt  poly- 
pufes,  as  that,  by  whole  divifion  they  were  formed.  . 
Thefe  are  what  M.  Reaumur  calls  the  nofegay-poly- 
pufes,  of  which  M.  Trembley  has  made  mention  in 
N°  474  of  the  Philosophical  Tranfafiions.  They  have 
this  name,  while,  like  a  nofegay,  they  ftrike  out  clofe 
to  each  other.  In  N°  484  M.  Prembky  defcribes 
the  clufter-polypufes,  which  are  fmaller  and  whiter. 
The  group  and  dufter,  which  they  form,  fits  on  one 
ftalk.  This  ftalk  is  with  the  undermoft  extremity 
faftened  to  another  body.  From  the  other  end  go 
forth  branches,  which  form  obtufe  angles  with  the 
ftalk  itfelf.  And  from  thefe  branches  at  different 
places  go  forth  other  branches ;  and  from  thefe  laft, 
other  new  ones,  &c.  At  the  outmoft  extremity  of 
each  branch  is  to  be  feen  a  polypus.  And  as  thefe 
branches  are  not  all  of  a  length,  fo  neither  is  each 
polypus,  as  m  the  firft  manner,  above  at  the  group, 
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or  at  an  eqaal  diftance  from  the  undermoil  part  of 
the  ftalk.  Here  rather  polypufes  are  found  in  all 
heights  of  the  group  or  duller.  Mr.  profeiTor 
Kaflner  has  found  fuch  polypufes  in  the  water  with 
ducks- meat.  The  ftalk,  which  bears  the  whole 
group,  and  each  branch  thereof,  is  fufceptible  of  an 
extraordinary  fort  of  motion.  Each  fuddenly  con¬ 
tracts  itfelf,  upon  being  touched,  upon  moving  the 
glafs,  wherein  the  whole  group  fits  \  and  fometimes 
alfo,  when  there  is  no  obfervable  caufe  of  any  Inch 
contraction.  The  ftalk  and  the  branches  contrad 
and  (horten,  fo  as  to  draw  themfelves  into  circles, 
which  then  touch  each  other  quite  clofe.  Each  branch 
may  contrad  itfelf  apart  ;  though  this  happens  but 
feldom.  For,  one  branch  alone  contracting,  com¬ 
monly  ftrikes  againft  another  branch  :  and  then 
inftantly  that  other  contracts  with  it.  When  the 
principal  ftalk,  which  carries  the  whole  group  or 
clufter,  contracts  itfelf,  all  the  other  branches  alfo  of 
the  group  draw  themfelves  in  ;  and  the  whole  group 
locks  clofe.  A  moment  after,  the  branches  toge¬ 
ther  with  the  ftalk  expand  themfelves  again,  and 
again  the  whole  group  thereby  acquires  its  wonted 
form.  But  when  the  group  is  pretty  well  grown, 
the  ftalk  ceafes  to  contract.  Such  a  group  or  clufter 
arifes  in  the  following  manner.  A  fmgle  polypus, 
which  is  feparated  from  the  group  or  clufter,  fwirns 
about  fo  long  in  the  water,  till  it  finds  a  fit  body, 
whereon  to  fettle.  Then  it  has  a  ftalk,  no  bigger 
than  the  polypus  itfelf.  In  the  fpace  of  24  hours 
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this  ftalk  becomes  eight  or  nine  times  as  long  as  it 
was  before.  And  then  this  ftalk  comes  to  be  the 
principal  ftalk  of  a  new  group  or  dufter.  In  about 
a  day  after,  when  the  polypus  has  thus  fixed  it- 
felf,  it  divides  in  two.  In  io  or  12  hours  after, 
each  of  thefe  two  polypufes  divides  into  two  others. 
And  immediately  after,  they  fhoot  out  branches, 
and  thus  they  ever  remove  farther  afunder.  Only  it 
is  neceffary  to  obferve,  that  when  two  of  thefe  poly¬ 
pufes  are  thus  formed  by  the  divifion  of  the  one,  one 
is  commonly  far  bigger  than  the  other.  This  bigger 
one  remains  at  the  outmoft  extremity  of  the  branch, 
at  which  it  before  was.  But  this  branch  lengthens, 
and'  then  the  other  lets  out  a  new  branch,  which  ap¬ 
pears  to  proceed  from  the  firft.  The  bigger  of  thefe 
polypufes  commonly  divides  fhoner  than  the  other. 
And  all  we  have  hitherto  faid  is  repeated  for  a  num¬ 
ber  of  different  times.  And  thus  a  principal  branch 

\ 

is  formed,  which  is  furnifhed  with  different  fide- 
branches.  Thefe  fide  branches  again  come  them- 
felves  to  be  principal  branches,  with  regard  to  thole, 
which  again  appear  to  fpring  out  from  them, 
when  the  polypufes  at  their  outmoft  extremi¬ 
ties  begin  to  divide  themfelves.  The  polypufes  of 
a  group  or  dufter  feparate  not  all  at  the  lame  time 
from  it.  Thofe  neareft  the  origin  of  the  branch 
commonly  feparate  firft.  And  each  polypus,  fo 
feparated,  fixes  itfelf  fomewhere,  fo  that  each  of 
them  at  laft,  if  not  refrained,  forms  a  new  group 
or  dufter.  Thefe  branches  adually  arife  from  the 
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polypufes  and  have  their  nourishment  from  them. 
For  they  directly  ceafe  growing,  when  the  polypufes, 
that  fit  at  their  extremities,  are  Separated  therefrom 
either  naturally,  or  by  fome  accident.  From  the 
branches  of  the  group  or  dufter  alio  arife  certain 
round  bodies  or  buttons,  which  in  two  or  three 
days  attain  their  full  growth,  and  then  feparate 
themfelves,  and  fwim  away  therefrom,  till  they  can 
fettle  on  a  body,  which  they  commonly  meet  with 
in  the  water  ;  on  which  they  inftantly  fallen  with 
a  fliort  ftalk.  Thefe  Italics  are  gradually  lengthen- 
ing  for  24  hours.  During  this  time,  the  round 
body  turns  almoft  oval.  In  a  group  or  dufter  there 
are  but  few  of  thefe  round  bodies.  Such  a  group 
increafes,  and  the  polypufes  multiply  thereon,  juft 
as  the  polypufes  that  arife  from  other  polypufes  do. 

§.  527.  Some  animals  have  no  fex,  neither  do 
they  generate,  as  the  common  and  working  bees* 
And  hence  Swammerdam  in  his  Biblia  nature ,  c.  4. 
clafs  3.  fays,  that  we  may  confider  them  as  natural 
eunuchs.  The  males  among  bees  carry  vifible  or¬ 
gans  of  generation  on  their  bodies ;  as  the  internal 
horney  bone  of  the  penis,  the  penis,  the  tefticles, 
the  vafa  defer entia ,  with  their  dilatations,  the  vefi- 
culse  feminales ,  befides  fome  other  parts.  In  the  fe¬ 
male  are  the  ovarium ,  the  oviduds,  with  their  di« 
vifions,  the  eggs,  the  two  branches  or  horns  of  the 
uterus ,  through  which  the  eggs  fhoot,  the  neck  of  the 
uterus,  and  the  glue -fac cuius.  Some  parts  the  fe¬ 
male  has  in  common  with  the  labouring  bees ;  as  the 
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fling,  its  bladder  of  poifon,  its  little  tube,  and  the 
fheath  of  the  fling.  As  thefe  parts  are  wanting  in 
the  male ;  it  appears,  that  the  working  bees  come 
nearer  to  the  nature  of  the  female  than  of  the  male  ; 
and  they  only  want  the  ovarium .  Their  only  bufi- 
nefs  is  to  feed  the  young  bees,  to  build  their  huts 
or  cells,  and  to  provide  both  for  themfelves  and  the 
other  bees.  None  of  which  things  either  the  female 
or  the  male  does,  the  former  only  laying  her  eggs 
in  the  cells,  and  the  latter  impregnating  them  in  the 
ovarium . 

§.  528.  From  the  blood  of  a  great  many  animals 
is  fecreted  in  certain  veffels  a  liquor,  which  is  fo 
adapted  for  that  purpofe,  as  that  an  animal  of  this 
fpecies  may  arife  out  of  it.  This  matter  is  called  the 
feed  of  an  animal. 

§.  529.  The  animals,  that  have  fexes,  are  either 
males  only,  or  females  only,  or  both  together,  that 
is  hermaphrodites.  In  a  female  only  is  contained  a 
certain  organical  matter  or  part,  in  which  an  animal 
may  be  formed  and  grow,  when  the  feed  of  another 
animal  is  impelled  into  it.  If  this  matter  remains 
united  with  the  female,  till  the  young  animal  there¬ 
in  comes  to  its  full  maturity,  it  is  called  the  uterus 
or  womb.  But  if  it  may  be  ejected  by  the  female, 
and  yet  remain  adapted  for  the  compleat  formation 
of  the  animal,  it  is  called  an  egg .  A  male  only  has 
neither  womb  nor  eggs,  but  feed  only. 

§,  530.  Among  certain  fpecies  of  animals,  the 
male  and  female  generate  without  coition.  Inftances 
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of  this  kind  we  have  in  many  forts  of  fifli.  On  the 
roes,  difcharged  by  the  female,  the  milt  of  the  male 
is  barely  fquirted.  To  this  Swammerdam  in  the  place 
above  quoted,  clafs  3.  adds,  that  , thus  too  it  holds 
with  the  hemerobios  or  ephemerem ,  the  day-fly,  whofe 
female,  in  her  flight  through  the  air,  lets  her  eggs 
fhoot  into  the  water,  where  they  are  fought  out  by 
the  male,  and  impregnated  with  his  feed.  The  he - 
merobios ,  which  Swammerdum  deferibes  at  large,  cap. 
1.  has  four  wings,  two  very  fmall  horns,  fix  feet, 
and  two  very  long  protended  hairy  tails,  and  at  the 
longed:  lives  for  five  hours.  It  is  found  yearly 
about  St.  John's  day  in  the  mouths  of  the  Rhine ,  the 
Meufe ,  the  Wahl ,  the  Leek  and  the  Tfel.  When  the 
female  is  come  forth  out  of  the  water,  and  has  cafl 
her  fldn,  fhe  plays  for  forne  time,  by  moving  her 
wings  in  a  curious  manner,  on  the  furface  of  the 
water,  and  flies  in  a  conftant  ring  over  it,  after  which 
fire  Ihoots  her  eggs  into  the  water.  And  if  now  im¬ 
pregnated  by  the  feed  of  the  male,  who  has  juft  af- 
cended  too,  in  the  manner  aforefaid,  out  of  the  water, 
and  call  a  very  tender  fkin,  they  fink  gradually 
down  into  the  dime.  Out  of  which  in  fome  time 
after  comes  forth  a  fmall  fix-footed  worm,  which 
for  three  years  wallows  about  in  the  mire,  in  order 
to  affume  a  form,  which  it  is  to  lay  down  again  in 
five  hours.  Swammerdam ,  cap.  1.  clafs  3.  holds  of 
bees,  that  the  female  is  impregnated  barely  by  the 
ftrong  odour  or  exhalation  of  the  ejedted  male  feed. 
His  reafons  are  the  following.  1.  The  penis  of  the 

male 
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male  bee  is  unfit  for  generation,  partly  as  being  im¬ 
perforated  -3  partly  as  on  account  of  its  form  and  pofi- 
tion  it  cannot  be  introduced  into  the  body  of  the  fe¬ 
male.  And  did  this  happen  too,  yet  the  penis  could  not 
convey  the  feed  into  the  womb,  as  being  difcharged  by 
quite  another  way.  Nor  can  the  males  ever  find  the  fe¬ 
male  alone,  being  conftantly  furrounded  by  the  work¬ 
ing  bees.  Further,  experience  teaches,  that  the  feed  of 
the  male  bees  has  fo  penetrating  a  quality,  that  up¬ 
on  patting  only  feven  or  eight  of  them  in  a  box, 
they  fo  taint  it  with  the  feminal  exhalation,  that  one 
who  never  fmeit  it,  can  fcarce  believe  how  ffrong  it 
is. 

§.  531.  Inflances  of  unconteFable  hermaphro¬ 
dites  we  have  in  fnails.  Their  copulation  is  de¬ 
fended  by  Swammerdam ,  clafs  1.  cap.  9.  The  pe¬ 
nis  and  uterus,  naturally  joined,  adhere  clofe  toge¬ 
ther.  For  fome  days  before  copulation  the  fnails 
gather  together,  and  remain  lying  Fill  by  each 
other,  and  eating  very  little.  They  place  themfelves 
fo,  that  neck  and  head  Fand  bolt  upright.  With 
the  extremities  of  the  rims  or  borders  of  their  bodies 
they  hold  themfelves  upright.  In  the  neck  the 
aperture  of  the  organs  of  generation  often  opens, 
and  again  often  fhuts.  The  fnails  approach  each 
other  gradually,  like  two  hands  laid  fiat  on  each 
other,  finger  anfwering  to  finger.  In  this  manner 
neck  and  head  are  upright,  and  dire&ly  over  againF 
each  other.  Then  appear  the  moF  aFonifhing  mo¬ 
tions  of  both  the  heads  and  eight  horns  againF  each 

other. 
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other,  as  can  fear ce  be  imagined.  One  might  rea¬ 
dily  take  thefe  motions  for  an  uninterrupted  hug¬ 
ging  and  killing.  The  horns  move  in  fo  various  a 
manner,  that  it  is  not  eafy  to  conceive,  how  they 
can  have  fo  many,  and  fo  different  mufcles  for  the 
purpofe.  So  foon  as  they  have  but  in  the  lead 
touched  each  other  with  the  horns,  they  quickly 
draw  them  in  again,  or  move  them  upwards,  down¬ 
wards,  or  fide  ways.  And  thefe  motions  are  incef- 
fantly  repeated.  This  play  holds  many  times  for 
three  days.  But  now  in  order  to  mix  or  copulate 
duely,  each  of  them  moves  his  penis  and  at  the  fame 
time  the  mouth  of  the  uterus  quite  out  of  the  body. 
And  then  the  mixture  or  copulation  happens,  when 
the  male  organs  twift  round  each  other,  that  each 
fnail  with  its  penis  may  hit  and  impregnate  the 
womb  of  the  other.  f 

Paftor  Lejfer ,  fenior  of  the  lutheran  miniftry  at 
Nordhaufen ,  a  man  experienced  in,  and  famous  for 
his  enquiries  into  natural  curiofities,  writes  in  his  T 'ef~ 
taceo-theologia ,  note  p.  93.  that  oyffers,  the  halani 
marini ,  and  rock-muffels  have  fomething  quite  ex¬ 
traordinary,  as  being  not  only  hermaphrodites,  but 
alfo  without  copulation  with  others  of  their  fpecies, 
bringing  forth  young  out  of  themfelves  \  and  thus 
each  apart  is  man  and  wife  •,  bridegroom  and  bride  $ 
dwelling-houfe  and  marriage- bed. 


C  II  A  P. 
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CHAP.  II. 

Of  the  Opinions  about  the  Generation  of 

Animals. 


§.  532-  T  T  OW  it  happens,  that  two  animals  of  a 
A.  JÜ.  fpecies,  a  male  and  a  female,  generate 
a  third  of  their  fpecies,  on  this  head  various  opinions 
have  arifen  among  philofophers,  of  which  M.  Buf- 
fon  in  his  General  hiflory  of  nature ,  T.  2.  P.  1.  c.  5. 
has  given  a  circumftantial  hiftory.  In  the  mod 
ancient  fyflems  they  attempted  to  explain  this  gene¬ 
ration  from  the  mixture  of  the  male  and  female  feed. 
According  to  Ariflotle  the  blood  of  the  female,  which 
is  otherwife  difcharged  monthly,  is  the  only  matter, 
from  which  the  fruit  or  foetus  is  formed  and  ani¬ 
mated  by  the  moving  force  of  the  male  feed.  But 
Hippocrates ,  who  lived  50  or  60  years  before  him, 
imagined,  each  fex,  as  well  the  female  as  the  male, 
to  have  a  fruitful  feed  •,  and  the  formation  of  the 
fruit  or  foetus  to  happen  in  the  following  manner. 
The  feeds  were  mixed  at  firft  in  the  uterus, 
and  there  condenfed  by  the  natural  heat  of  the  fe¬ 
male  •,  the  mixture  received  and  drew  the  fpirit  from 
the  warmth,  and  when  all  was  filled  therewith,  the 
too  warm  fpirit  went  off  ^  but  by  the  refpiration  of 
the  pregnant  females  there  was  an  acceflion  or  fup- 
ply  of  cold  fpirit.  And  thus  the  ingrefs  of  the  cold 
fpirit  and  the  egrefs  of  the  warm  happened  alter¬ 
nately 
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nately  in  the  mixture.  On  the  furface  of  the  mix¬ 
ture  a  pellicle  was  formed,  which  affumed  a  round 
form.  And  gradually  another  fkin  was  formed. 
The  menfes,  which  were  now  with- held,  afforded 
fufficient  nourifhment.  And  this  blood,  which  was 
conveyed  to  the  fruit  or  fetus  by  the  pregnant  fe¬ 
male,  gradually  condenfed  to  flefli.  And  this  form¬ 
ed  itfeif,  as  it  grew,  gradually  into  members,  and 
the  fpirit  gave  this  flefli  the  form.  Each  thing  oc¬ 
cupied  its  own  place,  the  folid  parts  retired  to  the 
folid  the  fluid,  to  the  fluid,  each  thing  feeking  its 
like.  Befldes  this,  Hippocrates  taught,  that  each 
fex  had  a  twofold  feed  •,  one  more  ftrong  and  adlive ; 
another,  lefs  fo.  The  mixture  of  the  ftrongefl  male 
feed  with  the  ftrongefl  female  feed  yielded  a  boy  ; 
and  the  mixture  of  the  two  weaker,  a  girl.  The  opi¬ 
nion  of  Arifiotle  was  followed  by  thefcholaftick  phi- 
lofophers ;  and  that  of  Hippocrates ,  by  Galen  and  al~ 
moft  all  the  phyncians,  till  the  eighteenth  cen¬ 
tury. 

§.  533.  Afterwards  they  gave  into  the  opinion, 
that  all  animals  were  produced  from  eggs.  In  the 
ftxteenth  century  Fabricius  ah  Aquapendente ,  a  profef- 
for  of  anatomy  at  Paris ,  undertook  to  form  a  fy- 
ftem  of  connected  obfervations  on  the  impregnation 
and  evolution  of  a  hen’s  egg  ,  but  thereby  he  arriv¬ 
ed  at  no  diftindt  explication  of  generation.  In  the 
fame  century  Aldrovandus  at  Bolognia ,  his  fcholar 
Volcher  Roy  ter,  city-phyfician  at  Nuremberg ,  and  Pa - 
rifanus ,  the  Venetian  phyfician,  made  obfervations 

on 
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on  eggs  and  their  hatching,  and  gave  defcriptions 
thereof.  In  the  feventeenth  century  Dr.  William 
Harvey ,  phyfician  to  king  Charles  the  firft,  wrote  his 
Exercitationes  de  generatione  animalium ,  after  having 
for  a  long  time  made  a  feries  of  the  neceftary  obfer- 
vations  on  eggs,  hinds  and  roes.  He  thence  con¬ 
cluded,  that  all  animals  of  the  female  fex  had  eggs, 
which  were  impregnated  by  the  virtue  of  the  male 
feed,  without  leaving  in  them  any  impreffion  from 
it.  According  to  Harvey’s  opinion,  the  impregnation 
of  the  egg  happens  on  the  fmall  part  thereof,  which 
appears  like  a  fear  or  cicatrix.  He  fays,  all  eggs  had 
this  cicatrix ,  whether  impregnated  or  no  :  but  it  in- 
creafed,  fo  foon  as  the  egg  in  the  brooding  obtained 
a  proper  degree  of  warmth.  In  twenty  hours  of 
brooding  there  appeared  in  the  middle  of  the  cicatrix 
a  white  point  or  fpeck,  together  with  a  variety  of 
rings  about  it.  In  two  days  this  fpeck  appeared  in 
form  of  a  vefide,  on  the  fourth  day  an  animated 
and  beating  point  (pundhrn  /aliens)  appeared  in  that 
place,  which  Harvey  takes  for  the  heart.  In  about 
30  or  40  years  after  Harvey ,  the  Italian  phyfician 
Malpighi  made  new  obfervations  on  eggs  in  the  courfe 
of  brooding,  and  in  that  cafe  made  ufe  of  magnify¬ 
ing  glafles,  and  he  hifcovered  flieh  things,  as  Harvey 
either  had  not  cbferved,  or  for  want  of  his  papers, 
mo  ft  of  which  he  loft  in  the  troubles  of  Charles  the 
firft,  he  could  not  accurately  recover  their  contents 
from  his  memory  alone.  Malpighi  at  firft  made  ex¬ 
periments  with  eggs  without  brooding,  and  faw, 
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that  the  cicatrix  in  the  impregnated  eggs  was  always 
bigger  than  in  the  unimpregnated  :  and  the  punfium 
Ji aliens ,  which  appeared  to  Harvey  to  be  the  heart, 
exhibited  to  him  a  bladder  fwimming  in  a  liquor. 
In  its  middle,  through  its  tranfparent  pellicle  he 
difcovered  the  fruit,  and  thence  concluded,  that  the 
chick  was  extant  in  the  egg  before  brooding.  In 
eggs,  which  the  hen  laid,  without  impregnation  of 
the  cock,  he  found  near  the  middle  point  of  the  ci¬ 
catrix^  inflead  of  a  bladder,  a  round  body,  in  which 
he  could  oblerve  nothing  formed,  whether  he  view¬ 
ed  it  unopened  or  opened.  Then  Maiphigi  turned 
his  attention  on  eggs  in  the  courfe  of  brooding,  and 
difcovered  by  his  repeated  obfervations  the  follow¬ 
ing  Heps  and  degrees  in  the  growth  of  the  included 
chick.  After  fix  hours  of  brooding  the  veficle, 
which  is  formed  by  the  amnios ,  is  diflinguiihable  in 
the  middle  of  the  cicatrix ,  and  filled  with  a  liquor, 
in  whofe  middle  one  plainly  fees  the  head  of  the 
chick,  hanging  to  the  back  bone,  floating.  In  fix, 
hours  after,  one  eafily  diflinguifhes  the  head,  and 
the  whirl-bones  or  vertebra  of  the  back  bone.  In 
I  fix  hours  more,  the  head  fhews  bigger,  and  the 
!  back  bone  longer.  After  twenty-four  hours  the  head 
:  of  the  chick  appears  to  have  bent  itfelf  back,  and 

!  the  back  bone  to  be  ftill  more  whitiih.  The  verte - 
I  ' 

bra  Hand  on  both  fides  of  the  middle  of  the  back 

bone  like  little  balls.  Almoft  at  this  very  time, 

the  beginning  of  the  wings  is  feen.  Head,  neck  and 

1  breafl  lengthen  themfelves.  After  thirty  hours 

every 
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every  thing  is  obferved  to  be  bigger,  and  the  veflels 
of  the  navel  of  a  dark  colour  round  the  amnios .  Af¬ 
ter  thirty-eight  hours  the  chick  exhibits  a  pretty 
thick  head,  on  which  are  feen  three  veficles  encom- 
paffed  with  fkins,  which  in  like  manner  cover  the 
back  bone,  but  yet  fuffer  the  vert  ehrte  to  be  diftindt- 
ly  feen  through.  In  and  after  this  time  the  heart 
may  be  feen  to  beat.  Alter  two  days,  the  head, 
which  confifls  of  veficles,  is  bent,  the  back  bone 
lengthened,  and  the  heart,  which  hangs  out  quite 
to  the  bread,  beats  three  times  fucceffively.  For, 
the  liquor,  which  it  contains,  is  forced  out  of  the 
vein  through  the  auricle  into  the  ventricles  of  the 
heart,  and  out  of  thefe  into  the  arteries,  and  laftly, 
into  the  umbilical  veffels.  Malpighi  feparated  the 
chick  from  the  white  of  the  egg,  and  the  motion  of 
^the  heart  continued  füll  for  a  whole  day.  After  two 
days  and  fourteen  hours  the  veins  and  arteries  are 
feen,  that  go  to  the  brain.  After  three  days  the 
body  of  the  chick  appears  bent,  and  in  the  head 
one  fees,  befides  the  two  eyes,  five  bladders  full  of 
liquor,  which  afterwards  form  the  brain.  One  alfo 
fees  the  firft  proceffes  of  the  legs  and  wings  ^  the  body 
begins  to  take  flefh,  the  balls  of  the  eyes  to  be  di- 
llinguiihable,  and  the  cry ftalline  and  vitreous  hu¬ 
mours  to  be  already  diftindl.  After  the  fourth  day  the 
veficles  of  the  brain  approach  nearer  and  nearer  to 
each  other,  the  eminences  of  the  vertebra  turn  flill 
bigger,  and  the  wings  and  legs  ever  firmer,  the 
more  they  are  lengthened.  The  whole  body  is  co¬ 
vered 
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Vered  with  a  fmeary  flefh,  the  umbilical  veffels  are 
feen  to  go  out  of  the  abdomen,  the  heart  lies  inter¬ 
nally  concealed,  as  the  cavity  of  the  bread:  is  fhut 
up  with  a  very  tender  fkin.  After  the  fifth  day  and 
on  the  beginning  of  the  fixth  the  veficlesof  the  brain 
begin  to  be  covered,*  the  back  bone  divides  into  two 
parts,  and  begins  to  turn  firm,  and  run  along  the 
back  ;  the  wings  and  legs  are  lengthened,  and  the 
feet  extended,  the  abdomen  is  fhut  up  and 
dwells,  and  the  liver  is  very  diftiridtly  feen  *,  it  is 
not  yet  red  $  but,  inftead  of  its  whitifh  colour  hi¬ 
therto,  it  has  acquired  a  dark  *,  the  heart  beats  in 
both  its  ventricles,  the  body  of  the  chick  is  covered 
with  the  fkin,  and  one  ftill  diftinguiihes  the  fpecks 
there  where  the  feathers  arife.  On  the  feventh  day 
the  head  is  very  big,  the  brain  appears  to  be  cover¬ 
ed  with  its  fkins,  the  bill  fhews  very  diflind  be- 
tween  both  the  eyes ;  wings  and  legs  and  feet  have 
their  perfect  form,  then  th  heart  appears  to  confift 
of  two  ventricles,  which  fhew  like  a  pair  of  bellows, 
in  contadl  v/ith  each  other,  which  at  the  upper  part 
are  united  with  the  auricles  themfelves :  and  one 
obferves  two  motions,  following  each  other,  as  well 
in  the  ventricles  as  alfo  in  the  auricles  of  the  heart, 
as  if  there  were  two  feparate  hearts.  At  the  end  of 
the  ninth  day  the  lungs  appear.  On  the  tenth  the 
mufcles  of  the  wings  come  in  view,  and  the  feathers 

ftrike  out.  On  the  eleventh  day  one  fees,  how  the 

*  + 

arteries,  which  at  fir  ft  were  fepärated  from  the  heart, 
hang  thereat,  as  the  finger?  at  a  hand  ^  as  then  firft 
Vol.  II.  N  the 
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the  heart  is  perfectly  formed  and  united  into  two 
ventricles.  The  remaining  days  throughout,  all 
the  parts  turn  gradually  diftindter  and  bigger,  till 
on  the  one  and  twentieth  day,  when  the  chick 
breaks  through  its  fhell,  after  it  has  peeped.  Whe¬ 
ther  in  the  females,  that  bring  forth  live  young, 
eggs  are  really  contained,  experience  has  not  hitherto 
fufficiently  difcovered.  Steno,  formerly  phyfician 
to  Ferdinand  II.  grand  duke  of  Tufc any ,  and  de 
Graaft  a  Butch  phyfician,  are  the  firft,  who  at¬ 
tempted  to  difcover  thefe  pretended  eggs.  In  the 
teftes  of  female  animals  are  certain  vehicles,  con¬ 
taining  a  liquor,  which  on  the  fire  curdles  like  the 
white  of  eggs.  In  like  manner  fometimes  a  firm 
and  yellow  body  is  produced,  which  hangs  at  the 
teftes ,  and  projedts,  and  gradually  acquires  the  fize 
of  a  cherry.  Malpighi  fays,  he  has  many  times  feen 
an  egg  of  the  fize  of  a  millet- grain  in  filch  a  yellow 
body.  The  vehicles,  which  are  obferved  at  all  times, 
he  takes  not  for  any  genuine  eggs ;  and  believes 
they  ferved  for  nothing  but  producing  the  yellow 
body,  where  the  egg  is  to  be  formed.  Vallifnieri , 
Malpighi's  fcholar,  has  taken  unfpeakable  pains  to 
find  fuch  an  egg,  but  always  in  vain.  Notwith- 
ftanding,  he  was  fully  of  the  opinion,  that  the  egg 
lay  concealed  in  the  cavity  of  the  faid  yellow  body  j 
and  that  the  fpirit  of  the  male  feed,  being  afcended 
to  the  ovarium ,  penetrated  the  egg,  and  gave  mo¬ 
tion  to  the  fruit,  which  was  already  extant  in  this 
egg.  Be  Graaft s  experiments  milled  moil  naturalifts 

fo 


0/  SOLID  BODIES, 

fo  far,  that  they  perfuaded  themfeives,  that  the  fears 
or  cicatrices ,  to  be  met  with  in  the  tefles  of  the  female 
animal,  were  places,  where  eggs  had  lodged  5  and 
from  the  number  of  thefe  cicatrices  the  number  of  the 
fruits  or  foetus’s  was  pretended  tobe  ffiewn.ButMry 
a  French  furgeon,  in  the  beginning  of  this  century, 
fhewed  in  the  tefies  of  a  woman  fo  great  a  number  of 
cicatrices ,  that  according  to  the  fyftem  of  the  eggs 
this  woman  mufl  have  had  an  uncommon  degree  of 
fruitfulnefs.  Thefe  difficulties  excited  the  zeal  of 
the  other  French  anatomifts,  who  flood  up  for 
the  eggs,  to  take  all  imaginable  pains  to  difeo- 
ver  them.  Jofleph  du  Verney  cut  away  the  tefles  from 
cows  and  fheep,  and  maintained,  that  the  veficles 
were  the  eggs,  and  the  yellow  body  on  the  tefles  he 
took  for  an  accidental  excrefcence,  which  he  com¬ 
pared  with  the  galls  on  oaks.  Littre  went  fo  far  as 
to  affirm,  that  he  had  feen  a  well-formed  fruit  or 
fetus  in  fuch  a  vehicle,  ftill  adhering  to,  and  lodg¬ 
ed  in  the  innermoft  part  of  the  tefles  \  in  which 
fruit  he  could  perfectly  well  diftinguifh  head  and  tail* 
But  Vallifnieri  found  the  opinion  of  both  thefe  anato- 
mifls  not  verified  by  the  trials  he  himfelf  had  made* 
Nuck,  a  Dutch  phyfician,  opened  a  bitch  three  days 
after  lining,  drew  out  one  of  the  tubd,  or  dudls, 
which  are  clofely  connected  with  the  uterus ,  and 
which  may  rear  and  apply  themfeives  to  the  female 
tefles  or  ovaria ,  he  put  a  ligature  thereon  in  the  mid¬ 
dle,  fo  that  the  whole  upper  part  could  have  no 
communication  with  the  under.  And  then  he  con- 
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veyed  this  tuba  to  its  place  and  clofcd  the  wound. 
After  twenty-one  days,  he  opened  it  again,  and 
found  two  young  in  the  upper  part,  that  is  between 
the  teftes  and  the  under  ligature.  In  the  under  part 
of  this  tuba  there  was  no  young  found.  In  the  other 
tuba,  on  which  no  ligature  was  made,  he  found 
three  young,  which  had  the  ordinary  pofition.  This 
he  gives  as  a  proof,  that  the  fruit  did  not  arife  from 
the  male  feed,  but  was  rather  pre-exiftent  in  the  egg 
of  the  female.  But  to  this  M.  Buffo n  objedts,  that 
did  even  this  experiment  anfwer  at  all  times,  it 
would  only  follow,  that  the  fruit  or  foetus  may  be 
formed  as  well  in  the  upper  as  in  the  under  parts  of 
the  tuba, 

§.  534.  Whilft  it  was  attempting  to  cfbablifh  the  fy fie m 
of  the  eggs,  there  arofe  another  at  the  fame  time, 
from  the  two  Dutchmen ,  Leewenhoeck  and  Hartfoeker 
difcovering  animalcula  in  the  feed  of  the  male.  Lee¬ 
wenhoeck  defcribes  his  obfervations  in  the  18th,  23d, 
30th,  3 iff,  41ft,  57th,  64th,  113th,  1 1 6th,  117th, 
1426,  and  14.3d  epiflles,  as  alfo  in  the  tome,  with 
the  tide  atop  the  pages ^Anatomia  and  Contemplations  ^ 
firftpart,  from  p.  49.  top.  51.  and  part  2d,  from  p. 
349.10  p.  161.  On  the  contrary,  the  ovaria  and 
eggs,  afcribed  to  animals,  bringing  forth  live  young, 
he,  in  the  23d  and  30th  epiftles,  and  in  his  Experi¬ 
ment  a  and  Contemplations ,  epift.  57.  p.  26  and  27. 
and  in  epift.  81.  p.  400  and  401.  holds  for  an  idle 
fiction.  Thefe  animalcula  in  the  different  fpecies  of 
animals  are  of  different  forms  -3  but  all  oblong  and 

2  .  tender. 
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tender,  and  without  any  diftinguifhable  members, 

* 

and  moving  very  quick  and  in  all  manner  of  directions» 

Their  number  is  fo  great,  that  the  feed  of  a  male 
animal  feems  intirely  to  confift  of  them.  In  the 
feed  of  a  frog  Leewenhoeck  obferved  fo  great  a  num¬ 
ber,  that  p.  52  of  the  Anatomia  and  Contempt ationes 
he  believes,  that  in  one  copulation  about  10,000 
might  be  reckoned  to  one  frog  egg.  In  the  feed  of 
cocks,  as  he  relates,  p.  30,  of  his  Experiment  a  and 
Contemplation  es,  he  found  thefe  animalcula  fo  mi¬ 
nute,  that  the  compafs  of  a  fmall  grain  of  fand 
could  contain  50,000  of  them.  In  the  fecond 
part  of  the  tome  with  the  title  Anatomia  and  Con~ 
templationes ,  he  Iliews  p.  9,  10  and  11.  by  a  calcu¬ 
lation,  that  the  milt  of  a  fingle  cabeliau ,  a  fort  of  cod 
fi  Ih  called  in  Latin  AJJellus  major ,  contains  above  ten 
times  more  animalcula  than  there  are  men  at  one 
time  upon  the  face  of  the  earth.  His  calculation 
is  as  follows  :  in  Holland  he  fuppofes  the  number  of 
the  inhabitants  to  be  one  million,  and  the  inhabited 
part  of  the  earth  to  be  13,385  times  bigger  than 
Holland.  This  prefuppofed,  the  number  of  the 
inhabitants  of  the  whole  earth  are  upwards  of 
thirteen  thoufand  millions.  Whereas  in  the  milt 
of  a  fmgle  cabeliau  are  contained  to  the  number 
g!  a  hundred  and  fifty  thoufand  millions  of  living 
animalcula.  For,  they  are  fo  minute,  that  10,000 
of  them  fill  no  greater  a  fpace  than  that  of  a  fmali  , 
grain  of  fand,  whofe  diameter  is  the  hundredth  part 
of  an  inch.  If  the  length  of  an  inch  contains  1 00 
fuch  grains  of  fand,  a  million  of  them  goes  to  the 
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fpace  of  a  cubick  inch.  So  that  ten  tboufand  mil¬ 
lions  of  animalcula  from  the  milt  of  a  cabeliau  are 
contained  in  a  cubick  inch.  But  its  whole  milt  con¬ 
tains  a  fpace  of  fifteen  fuch  inches.  Now  if  fifteen 
times  ten  thoufand  makes  150,000,  the  number 
above  afiigned  of  living  animalcula  is  juft.  Now 
as  in  the  animals  of  the  female  fex  no  fuch  worms 
are  to  be  difcovered  ;  feveral  naturalifts  and  phyfi- 
cians  have  with  Leewenhoeck  gone  into  the  opinion, 
that  the  generation  of  animals  might  be  explained 
from  fuch  animalcula.  Leewenhoeck  denies  eggs  to 
thofe  animals,  which  bring  forth  live  young.  Ac¬ 
cording  to  his  opinion  there  is  nothing  further  necef- 
fary  to  the  generation  of  fuch  an  animal,  than  that 
one  or  more  of  the  animalcula^  which  in  the  copulation 
came  into  the  uterus ,  fhould  happen  into  fuch  cir- 
cumftances,  as  there  to  find  proper  nourifhment  for 
its  growth.  But  from  this  opinion  departed  the 
other  enquirers  into  generation,  as  ftanding  up  not 
only  for  worms  in  the  animals  of  the  male  fex,  but 
alfo  for  eggs  in  thofe  with  wombs.  They  held, 
that  the  animalcula  in  the  aft  of  copulation  reach¬ 
ed  not  only  to  the  uterus ,  but  alfo  afcended  through 
the  tuba  of  the  womb,  and  crept  into  the  eggs  of 
the  females.  They  further  imagined,  that  thefe 
eggs  were  by  the  growth  of  the  animals,  now  in¬ 
cluded  in  them,  feparated  Irorn  the  ovarium ,  and 
conveyed  into  the  womb  by  one  of  its  tuba ,  and 
that  the  included  animalcula  by  the  affluent  nou¬ 
rishment  gradually  attain  a  diftinguifhable  magni¬ 
tude  of  their  preformed  members,  only  hitherto 

lying 
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lying  concealed.  And  thus  all  men  and  beads,  ac¬ 
ceding  to  this  opinion,  were  as  worms,  before  their 

generation  and  birth,  lodged  in  the  feed  of  the 
male. 

§.  535.  Againft  this  fyflem  of  the  animalcula ,  M. 
Lyonnet  in  his  remarks  on  M.  Lejfer9 s  ‘Theologie  des 
infeßes  tranflated  into  French  from  the  German ,  and 
1742  printed  at  the  Hague ,  has  darted  confiderable 
objections,  which  M.  Chriftlob  Mylius  has  with  much 
attention  examined  in  an  epiftle  on  the  animalcula , 
publifhed  at  Hamburg  in  1 746.  M.  Buffon  in  the 
place  above  quoted  declares  himfelf  as  well  againd 
the  fydem  of  the  animalcula ,  as  aifo  againfl:  that  of 
the  eggs,  and  darts  objedions  partly  againd  each  in 
particular,  partly  againd  both  together  and  in  ge¬ 
neral.  In  fo  far  as  the  defenders  of  thefe  fydems 
adlime  this  at  the  fame  time,  that  the  fird  animal 
of  each  fpecies,  as  according  to  the  dodrine  of  the 
animalcula  the  fird  man,  and  according  to  the  doc¬ 
trine  of  the  eggs  the  fird  woman,  contained  in  them 
their  whole  poderity  ;  he  objeds,  that  they  fet  up  an 
infinite  progreflion,  in  which  the  underdanding  is 
bewildered  and  lod.  For,  fays  he,  a  feminal  worm 
is  more  than  a  thoufand  million  oi  times  lefs  than  a 
man.  And  thus  if  we  afilime  unity  for  the  fize  of 
a  man,  that  of  a  feminal  worm  is  no  otherwife  to  be 
exprefied  than  by  the  fradion  r-Q  0  o zzzc?  that  *s9 
by  a  number  with  ten  figures.  Now  as  the  man  is 
to  the  feminal  worm  of  the  fird  generation,  as  this 
worm  is  to  the  feminal  worm  of  the  fecond  ;  lo  the 
magnitude,  or  rather  the  minutenefs  of  this  fecond 
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feminal  worm  can  be  no  otherwife  exprefled  than  by 
a  number  of  nineteen  figures;  and  for  the  fame  rea- 
fon  the  minutenefs  of  the  feminal  worm  of  the  third 
generation,  only  by  a  number  of  eight  and  twenty 
figures  of  the  fourth  generation,  by  feven  and 
thirty  ;  of  the  fifth,  by  fix  and  forty  ;  -  and  of  the 
fixth,  by  five  and  fifty  figures.  In  order  to  be  able 
to  form  to  onefelf  a  notion  of  the  degree  of  mi¬ 
nutenefs,  which  is  exprefled  by  this  fraction,  we  will 
afifume  the  dimenfion  of  the  whole  fphere  of  the 
world  from  the  fun  to  Saturn ,  and  exhibit  the  fun 
about  a  million  of  times  bigger  than  the  earth,  and 
diftant  from  Saturn  about  a  thoufand  of  the  fun’s 
diameters.  And  we  will  find,  that  only  45  figures 
are  neceflfary  to  exprefs  the  number  of  cubick  lines, 
which  are  contained  in  this  fphere.  And  if  we  di¬ 
vide  each  cubick  line  into  a  thoufand  million  atoms, 
their  number  may  be  exprefled  by  54  figures.  And 
confequently  the  man,  againff  the  feminal  worm  of 
the  fixth  generation,  would  be  much  bigger  than  is 
the  fphere  of  the  world  againft  the  fmaileft  particle 
of  duff,  diflinguifhable  only  by  the  magnifying 
glafs.  And  what  would  be  the  refult,  did  we  carry  on 
this  calculation  to  the  tenth  generation  only  ?  The 
jninutenefs  would  be  fo  confiderable,  as  in  no  man¬ 
ner  to  be  conceivable.  This  calculation  may  in 
like  manner  be  applied  to  the  eggs.  The  fecond 
difficulty  M.  Buff  an  finds  in  the  unequal  number 
of  the  fexes.  In  the  fyitem  of  the  eggs,  fays  he, 
the  firit  woman  contained  male  and  female  eggs, 
among  which  the  male  contained  no  more  than  one 

generation 
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generation  of  the  male  fex  *,  on  the  contrary,  the 
female,  thoufands  of  generations  of  male  and  female 
eggs.  At  one  time  and  in  one  woman  we  always 
find  a  certain  number  of  eggs,  fufceptible  of  an  in¬ 
finite  evolution  ;  whereas  there  is  likewife  another 
number  of  eggs  therewith,  fufceptible  of  a  fingle 
evolution  only.  Juft  fo  in  the  other  fyftem,  the 
firft  man  contained  male  and  female  feminal  worms. 

The  female  contained  no  others.  But  all  the  male 
contained  others,  partly  male,  partly  female,  in  an 
infinite  progreftion.  And  thus  there  muft  be  found 
in  one  man  and  at  one  time  animalcula ,  undergoing 
an  infinite  evolution  ;  and  others,  a  fingle  evolution 
only»  In  thefe  things,  thus  prefuppofed,  is  there  the 
leaft  degree  of  probability  ?  The  third  difficulty, 
fays  he,  refts  on  the  likenefs  of  the  children  to  the 
father  or  the  mother,  or  alfo  to  both  alike,  and  the 
diftinguifhable  characters  of  both  fpecies  in  mules, 
or  animals,  that  derive  from  parents  of  one  and  the 
fame  genus,  but  of  a  twofold  fpecies.  If  the  femi¬ 
nal  worm  is  the  fruit  of  the  father,  how  can  the 
child  be  like  the  mother  ?  If  the  fruit  is  pre-exif- 
tent  in  the  egg  of  the  mother,  how  can  a  child  re¬ 
ferable  the  father  ?  If  the  feminal  worm  of  a  horfe, 
or  the  egg  of  a  ffie  afs  contains  the  fruit ;  how  can 
the  mule  at  the  fame  time  partake  of  the  nature  of 
the  horfe  and  fhe  afs  ? 

§.  536.  The  cafe  being  thus,  M.  Buffon  has 
brought  up  a  new  fyftem,  in  which  he  has  partly 
renewed  the  ancient  doctrine  of  H{ 'tpcrates,  partly 
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added  a  peculiar  and  ingenious  thought  of  his  own 
thereto  :  his  thoughts  thereon  he  has  fully  pro¬ 
pounded  in  the  cited  tome  2.  but  his  dodtrine  comes 
to  this.  The  nourifhment,  the  growth,  and  the 
generation  of  an  animal  arife  from  one  and  the  fame 
matter.  This  confids  in  organical  animated  parts, 
which  are  extant  in  the  corporeal  world  in  vad 
quantities,  and  mixed  together  now  in  this,  again 
in  that  manner,  and  again  feparated  afunder,  and 
yet  notwithdanding  continuing  condant  and  un¬ 
changeable.  In  the  nourifhment,  which  an  animal 
takes  in,  is  contained  a  great  number  of  fuch  orga¬ 
nical  particles.  Thefe  at  lad  come  into  the  chyle, 
and  with  this  into  the  blood.  The  chyle  is  along 
with  the  blood  conveyed  to  all  the  parts  of  the 
body,  and  by  its  circulation  purged  from  all  unor- 
ganical  particles.  The  organical  remain  behind,  as 
in  effedl  they  refemble  the  blood,  and  thus,  in  force 
or  virtue  of  kindred,  are  retained.  As  afterwards, 
the  whole  mafs  of  the  blood  goes  repeatedly  thro* 
the  body,  each  part  of  the  body  attradls  to  itfelf  the 
particles,  that  are  liked  to  it,  and  lets  thofe  go,  that 

are  lead  fo.  Thefe  organical  particles  penetrate 
quite  through  each  part  of  the  body  in  ail  directions 
and  points.  Hereby  the  animal  is  preferved  in  its 
duration,  or  nourifhed.  But  it  alfo  grows,  when 
ail  its  parts  are  fo  extended  by  the  pervading  mat¬ 
ter  in  length,  breadth  and  thicknefs,  that  each  part 
in  its  growing  date,  as  well  retains  the  former  ordet 
among  its  particles,  as  alfo  remains  in  the  former 

proportion 
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proportion  with  the  other  particles  of  the  body.  M. 
Bujfon  reprefents  to  himfelf  as  well  an  animal  body, 
as  alfo  each  member,  and  each  part  thereof,  as  an 
internal  form,  which  takes  the  matter,  com¬ 
ing  to  it,  only  in  the  order,  which  arifes  from  the 
pofition  of  its  parts.  The  organical  parts  of  this 
nourifhlng,  and  growth-promoting  matter,  are  ex¬ 
tremely  various.  Each  part  of  an  animal  body  af~ 
fumes  only  the  fort,  that  are  beft  adapted,  and  thus 
fimilar  to  it.  If  the  parts  of  the  animal  body  have 
taken  in  all,  that  they  well  can,  of  this  organical 
matter ;  the  over  part,  wrhich  they  cannot  contain 
and  keep,  is  feparated  from  them,  and  conveyed  to 
a  place,  allotted  for  it.  As  now  this  feparation 
happens  from  all  the  organical  parts  of  the  animal, 
pure  organical  particles,  like  the  organical  particles 
of  the  animal  body,  colled!  and  unite  themfelves  in 
the  faid  place.  In  thefe  feparated  and  collected  or¬ 
ganical  parts  confifts  the  feed  ;  which  contains  all 
particles,  that  are  necefiary  to  form  an  organical 
corpufcle,  refembling  the  animal  body,  of  whofe 
colledlive  parts  the  feed  is  an  extradh  This  feed  is 
to  be  met  with  not  only  in  the  male,  but  alfo  in  the 
female  animals.  For  the  repofitory  of  the  female 
feed  in  thofe  animals,  which  have  wombs,  M.  Buf- 

fon  allots  the  cavity  of  the  tranfparent  body  in  the 
part,  where  otherwife  the  egg  is  looked  for ;  and 
defcribes  in  the  fixth  chapter,  from  the  3 6th  to  the 
42d  experiment,  the  experiments,  whereby  he  was 
confirmed  in  thefe  his  thoughts.  The  firft  experi¬ 
ment 
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ment  he  made  with  a  bitch,  opened  alive,  that  had 
been  proud  for  four  or  five  days,  but  to  which  no 
dog  had  yet  approached.  But  in  order  to  have  a 
counter  objedt,  which  he  might  compare  with  the 
female  liquor,  he  previoufiy  obferved  the  feed  of  a 
dog,  and  faw  therein  corpufcles  in  motion  and  with 
tails,  which  are  otherwife  ufually  called  feminal  ani- 
malcula.  The  glandular  body  in  the  one  ovarium 
of  the  bitch  was  as  big  as  a  pea.  He  viewed  the  li¬ 
quor,  contained  therein,  with  the  magnifying  glafs, 
and  inftantly  difcovered  corpufcles,  perfectly  it? 
fembling  thofe,  he  had  feen  in  the  feed  of  the  dog. 
Mr.  Needham  and  M.  Daubenton ,  to  whom  he 
fliewed  thefe  corpufcles,  were  fo  aftomfhed  at  this 
refemblance,  that  they  fufpedted,  fome  of  the  feed 
of  the  dog  might  perhaps  have  been  left  lying  on 
the  plate.  Mr.  Needham  therefore  took  another 
quite  clean  plate,  and  did  fome  liquor  thereon  from 
the  glandular  body  :  but  by  the  magnifying  glafs 
obferved  juft  the  like  corpufcles  in  motion,  as  ap¬ 
pear  in  the  male  feed.  This  they  faw  at  different 
times  and  in  different  drops.  Fourteen  days  after, 
M.  Buffon  opened  another  bitch,  that  had  been 
proud  for  feven  or  eight  days  before,  without  any 
dog  coming  near  her.  He  found  on  each  ovarium 
a  perfectly  ripe  glandular  body,  and  in  both  thefe 
bodies  liquors,  in  which  the  corpufcles  in  motion,  and 
with  tails,  were  feen  as  plentiful  as  in  the  male  feed. 
He  opened  the  tuba  of  the  womb  lengthwife,  and 
found  therein  only  fo  much  liquor,  as  could  be  taken 

up 
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up  with  a  tooth-pick.  By  the  magnifying  glafs  he 
obferved  therein  pure  adtive  globules,  perfedlly  re« 
fembling  the  globules,  which  he  had  before  obferv¬ 
ed  in  the  liquor  of  the  glandular  body,  and  moving 
juft  in  the  fame  manner.  This  feed  from  the  tuba 
he  mixed  with  the  feed  from  a  dog,  and  faw  in  the 
mixture  ever  one  and  the  fame  corpufcles,  and  ever 
in  one  and  the  fame  motion.  Thefe  corpufcles, 
which  on  account  of  their  motion  have  been  taken 
for  animalcula  in  the  male  feed,  3VL  Buff  on  takes  in 
both  feeds  for  nothing  other,  but  an  aggregate  of 
organical  particles,  feparated  from  all  parts  of  an 
animal.  For,  in  the  firfl  place,  fays  he  in  the  8th 
chapter,  thefe  feminal  machinul<e  ever  go  on  of 
themfelves,  without  flopping  ;  and  when  they  once 
flop,  they  then  ever  lie  flock  flill.  I  afk,  whether 
fo  inceffant  a  motion  be  the  ordinary  motion  of  ani¬ 
mals  ?  Secondly,  thefe  corpufcles  change  their  form 
every  moment,  have  no  peculiar  diflinguifhable 
member,  and  their  tail  appears  to  be  only  a  part, 

[  not  appertaining  to  them.  The  firfl,  Leewenhoeck 
;  obferved  in  the  animalcula  of  dogs.  The  fecond 
may  in  like  manner  be  feen  from  his  experiments  •, 
he  having  found  in  the  feed  of  a  cock  many  very 
minute  globules,  as  alfo  many  flat  oval  forms,  which 
moved  like  the  other  corpufcles  with  tails.  The 
tail  of  this  corpufcle  M.  Buffon  holds  only  for  a 
matter,  which  a  corpufcle  in  motion  draws  after  it 
in  the  manner  of  a  thread,  and  which  after  a  cer¬ 
tain  period  quite  difappears.  Thirdly,  one  obferves 

threads 
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threads  in  the  feminal  liquor,  that  lengthen  them- 
felves,  and  appear  to  grow  in  the  manner  of  plants, 
and  afterwards  fwelling,  produce  thefe  bodies  in 
motion.  Fourthly,  we  find  fuch  bodies  in  fiefh,  in 
buds,  and  other  parts  of  plants.  M.  Buff  on  put 
fiefh  of  different  animals,  and  above  twenty  diffe¬ 
rent  forts  of  feeds,  on  which  water  had  been  poured, 
in  very  clofe  flopped  glafs  bottles,  in  which  the 
water  flood  about  half  an  inch  high  over  thefe  mat¬ 
ters.  In  four  or  five  days  he  obferved  as  well  in  the 

water  on  the  fiefh,  as  alfo  in  that  on  the  feeds,  juft 
fuch  organical  particles  in  motion,  as  are  to  be  met 
with  in  the  feed  of  animals.  Mr.  Needham  left  jelly 
of  veal,  and  other  roafled  fiefh,  lying  for  fome  days 
in  very  carefully  flopped  bottles,  and  then  fhewed 
M.  Buffon  by  the  magnifying  glafs  a  number  of  cor- 
pufcles  in  motion  in  this  mixture,  refembling  the 
corpufcles,  tobe  met  with  in  the  feed  of  animals  at  the 
time,  when  they  no  longer  have  any  threads  or  tails. 

Now  from  this  M.  Buffon  concludes,  that  the 
corpufcles,  which  move  in  the  feed,  were  indeed 
animated  fubflances,  but  yet  only  an  intermediate 
fort  between  plants  and  animals.  As  to  the  female 
animals,  without  any  womb,  but  only  with  eggs, 
which  are  ejedled  or  laid  ;  M.  Buffon  in  chap.  8. 
fays,  that  in  each  egg  a  fmall  drop  of  the  fruitful 
female  feed  was  contained  in  that  part,  which  is  call¬ 
ed  the  cicatrix .  This  fruitful  drop,  fays  he,  col- 
ledls  itfelf,  according  to  Malpighi's  remark,  under 
the  form  of  a  fmall  mola%  or  falle  conception,  when 

no 
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no  male  feed  comes  to  it.  Both  feeds,  the  male  and 
female,  contain  all  parts,  common  to  both  fexes. 
But  befides  thefe,  the  male  feed  contains  only  the 
parts  diftinguifhing  the  male  ;  and  in  the  female 
are  found  only  thofe  diftinguifhing  the  female 
fex.  And  in  this  particular  M.  Buffon  thus  departs 
from  the  opinion  of  Hippocrates  (§.  532).  From 
the  mixture  of  both  feeds  M.  Buffon  at  length  ex* 
plains,  chap.  10.  the  formation  of  the  fruit  or  foetus 
in  the  following  manner.  If  both  liquors  are  mixed, 
fays  he,  the  activity  of  the  organical  particles  of  the 
one  will  be  brought  into  a  ftate  of  reft  by  the  oppo- 
fite  adion  of  the  particles  of  the  other.  And  thus 
each  particle  lofes  its  motion,  and  remains  in  the 
place,  which  fuits  thereto,  or  is  fimilar  to  that 
place,  which  it  had  in  the  body  of  the  animal. 
Thus,  for  inftance,  all  particles,  which  were  fepa- 
rated  from  the  head  of  the  animal,  are  brought  to¬ 
gether  into  one  arrangement,  fimilar  to  that,  in 
which  they  were  adually  feparated.  Thofe  parti* 
cles,  which  derive  from  the  fpine,  unite  together  in 
I  that  order,  which  the  ftrudure  and  pofition  of  the 
vertebrae  require.  And  thus  it  holds  of  all  the  other 
;  parts  of  the  body.  And  thus  thefe  particles  form  a 
fmall  organical  fubftance,  perfectly  fimilar  to  the 
animal,  of  which  they  are  an  extrad.  This  mix- 
1  ture  of  organical  particles  of  both  forts  of  animals 
:  contains  fimilar  and  diffimilar  parts.  The  fimilar 
are  thofe,  drawn  from  the  members,  which  both 
fexes  have  in  common  $  and  the  diffimilar,  thofe 

derived 
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derived  from  the  parts,  which  diftinguifh  the  mala 
from  the  female.  And  thus  there  are  in  this  mix¬ 
ture  as  many  organical  parts  again,  adapted  to  form 
a  head,  a  heart,  or  any  other  part,  in  common  to 
both  fexes,  as  contribute  to  form  the  organs  of  ge¬ 
neration.  But  yet  the  organical  particles  only  of 
the  parts,  common  to  both  fexes,  can  adt  on  each 
other,  without  being  brought  into  confufion,  as  if 
they  were  the  extradt  of  one  individual  body.  The 
difiimilar  particles,  as  the  organical  particles  of  the 
organs  of  generation  cannot  adt  on  each  other* 
nor  intimately  mix,  as  not  being  mutually  fimilar. 
The  organical  particles,  which  derive  from  the  or¬ 
gans  of  generation,  firft  take  firm  footing,  and 
ferve  for  the  bafts  and  fupport  to  the  other  particles. 
For,  as  thefe  parts  alone  differ  from  the  others;  they 
may  all  have  a  different  adtion,  adt  againft  the  others* 
and  reftrain  their  motion.  Thus  the  organical  par¬ 
ticles,  which  in  the  mixture  derive  from  the  organs 
of  generation  of  the  man,  will  be  the  only  ones, 
which  may  ferve  for  the  ground  and  fupport  to  the 
organical  parts,  deriving  from  all  parts  of  the  fe¬ 
male  body  :  and  the  organical  particles,  which  in 
this  mixture  exhibit  the  organs  of  generation  of  the: 
woman,  may  ferve  for  the  ground  and  fupport  toi 
thofe,  deriving  from  all  parts  of  the  male  body., 
But  as  to  the  reft,.  M.  Buffon  fays,  how  it  is  only^ 
probable  to  him,  that  the  parts  of  generation  ferve: 
for  the  point  of  union  to  the  reft,  as  in  the  com¬ 
mon  parts  he  faw  no  caule  of  preference.  He  faid,1, 
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the  organical  particles  fettle  and  unite,  when  they 
have  loll  their  motion.  This  to  him  appears  there¬ 
fore  certain,  as  in  the  male  and  female  feeds  many 
corpufcles  are  feen  in  motion,  on  viewing  each 
apart ;  but  on  the  contrary,  a  minute,  and  quite 
immoveable  body  only  which  mud  be  put  into  mo¬ 
tion  by  the  warmth,  is  obfervable,  on  viewing  what 
arifes  from  the  mixture  of  both  adive  liquors.  For, 
the  chick  in  the  middle  of  the  cicatrix ,  before 
brooding,  has  no  motion  at  all :  alfo  in  twenty-four 
hours  after,  there  is  none  to  be  obferved  without  a 
magnifying  glafs.  The  firft  day  there  is  a  white 
flimy  fubftance  only,  which  from  the  fecond  day  ac¬ 
quires  fome  degree  of  Ermnefs,  and  gradually  in- 
creafes  by  a  fort  of  life,  refembling  the  vegetative. 
Its  motion  is  very  flow,  and  by  no  means  refe tables 
the  quick  motion  of  the  organical  particles  in  the 
feed.  Befides  this,  I  have  had  ground  to  affirm, 
fays  he,  that  this  motion  was  fully  baulked,  and  the 
adivity  of  the  organical  particles  brought  to  a  full 
flop.  For,  on  laying  up  an  egg,  without  giving 
it  the  neceflary  degree  of  warmth  for  brooding,  the 
fruit  or  fcetus,  perfedly  formed  therein,  remains 
motionlefs  j  and  the  organical  particles,  of  which 
it  confifts,  lie  thus  without  motion,  without  being 
able  of  themfelves  to  give  motion  and  life  to  the 
fruit,  arifing  from  their  union.  And  thus  after 
the  particles  have  loft  their  motion,  have  fettled  and 
arranged  themfelves,  an  external  power,  as  the 
warmth,  which  rarifies  the  juices,  and-  forces  them 
Yol.  Ik  O  to 
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to  a  circulation,  mu  ft  give  this  animal  body  the 
ability  of  unfolding  itfelf.  When  the  number  of  the 
male  organical  particles  predominates  in  the  mix¬ 
ture,  the  fruit  or  foetus  is  male ;  but  if  there  are 
more  female  parts,  the  fruit  is  female.  The  child 
is  like  the  father  or  the  mother,  according  as  thefe 
organical  particles  are  differently  combined  together, 
that  is,  according  as,  in  the  mixture  of  both  li¬ 
quors,  they  are  in  this  or  in  that  proportion. 

§.  537.  In  like  manner  M.  Buff  on  holds  each  ani¬ 
mal,  that  has  no  diftin&ion  of  fexes,  and  yet  can  pro¬ 
duce  its  like  ;  and  each  plant,  for  an  internal  form, 
whofe  figure  remains  unchangeable,  but  whofe  di- 
menfions  and  fize  may  increafe  in  a  due  proportion 
of  the  parts  among  themfelves.  He  even  derives 
this  growth  hence  •,  viz.  that  each  part  of  a  plant, 
and  of  a  fexlefs  animal,  are  intimately  pervaded  by 
the  organical  or  formed  and  living  parts,  and  re¬ 
ceives  fuch  fimilar  parts  as  are  moft  adapted.  At 
length  he  even  explains  the  generation  of  fuch  an 
animal  and  of  a  plant,  hereby;  viz.  that  the  overplus 
of  the  organical  particles,  which  can  be  no  longer 
received  by  the  parts  of  the  animal  and  the  plant, 
comes  then  to  certain  places  in  animals  and  plants 
allotted  for  it  *,  and  that  from  the  union  of  thefe 
particles,  become  fimilar  to  the  parts  of  an  animal 

and  a  plant,  fuch  an  animal  and  fuch  a  plant  is  at 
fir  ft  formed 
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CHAP.  III. 

Thoughts  on  the  Opinions  about  Generation, 

§•  538.CJ  O  different  as  the  hitherto  deferibed  fyf- 
k-J  tems  of  the  generation  of  an  animal, 
arifing  from  two  of  a  fpecies,  are  from  each  other  ; 
fo  they  notwithstanding  all  coincide  in  this,  viz, 
that  they  always  make  the  male  feed  indifpenfably 
necefiary  thereto.  But  wdiat  it  fhould  contribute, 
is  the  queftion.  Ariflotle  barely  attributes  a  force  to 
it,  whereby  the  matter  of  the  fruit,  which  is  con¬ 
tained  only  in  the  female  blood,  is  brought  into  mo¬ 
tion,  and  a  jufc  arrangement  (§.  532).  But  he  ad¬ 
duces  nothing  to  eftablifh  his  opinion.  As  Ariflotle 
goes  no  further  for  the  matter  of  the  fruit  or  foetus 
than  the  female  blood  ;  fo  Harvey ,  Malpighi,  and 
their  followers  would  lodge  it  in  the  eggs,  and  in 
like  manner  aferibe  nothing  further  to  the  male 
feed,  than  a  force,  by  which  the  fruit  in  the  egg  is 
put  into  motion  and  animated.  But  have  we  neither 
inconteftable  experience,  that  female  animals,  which 
bring  forth  live  young,  have  actually  eggs;  nor 
even  marks  and  characters,  from  which  to  difeover, 
that  iri  an  egg,  before  impregnation,  the  full  mat¬ 
ter  for  the  fruit  or  foetus  is  contained.  Whether 
the  corpufcles  to  be  met  with  in  the  male  feed, 
which  move  With  extraordinary  quicknefs,  are  to  be 
ranked  among  animals,  is  what,  indeed,  M.  Buffon 
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calls  in  queflion,  but  yet  he  ranks  them  above  vege¬ 
tables.  His  grounds  (§.  536)  are  not  however  fuf- 
ficient  to  exclude  them  the  animal  kingdom.  Mud 
an  animated  corpufcle  be  therefore  no  animal,  be- 
caufe  it  is  in  a  conflant  motion  ?  Does  it  then  be¬ 
long  to  the  eflence  of  an  animal,  that  it  mud  needs 
fhift  its  dates  of  motion  and  red  ?  And  even  the  mo¬ 
tion  of  the  animated  feed-corpufcles  is  not  uniform, 
as  is  perhaps  that  of  a  body,  which  moves  only  by  an 
external  caufe,  ever  folliciting  it  to  one  diredlion. 
The  feminal  machinal <e  go  now  in  this,  again  in 
that  direction,  without  being  impelled  or  forced  by 
an  external  caufe,  and  move  in  the  manner  of  fifh. 
That  they  have  no  didinguifhable  organs,  that  they 
change  their  figure,  that  the  threads  grow  in  the 
.manner  of  vegetables,  all  this,  1  fay,  ferves  as  little 
to  exclude  them  the  number  of  animals,  as  tadpoles. 
That  fuch  animated  bodies  are  alfo  found  in  foaked 
flefh  and  foaked  plants,  fhews  nothing  more  than 
that  they  are  not  to  be  met  with  in  the  feed  only. 
Dr.  Haller  in  the  preface  to  the  fecond  part  of  the 
General  hiftory  of  nature ,  mandated  into  German ,  re¬ 
lates,  that  a  perfon,  experienced  in  the  ufe  ot  magni¬ 
fying  glaffes,  affirmed  to  him,  that  he  had  obferved 
in  the  feminal  animalcula  all  the  figns  of  life j  M. 
Needham  himfelf  allowed  the  feminal  worms  the 
privileges  of  life  and  fpontaneous  motion  ;  and  two 
experienced  virtuofi  in  infedls  had,  after  repeating 
Buff  on*  s  experiments,  even  reclaimed  thefe  worms 
back  to  the  clafs  of  animals.  But  it  is  a  diderent 
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queftion,  whether  the  feminal  animalcula  are  of  a 
fpecieswith  the  animals,  in  whofe  feeds  they  lodge, 
and  confequently  young  men  in  the  male  feed  of 
men,  the  ftrudure  of  whofe  organs  lies  only  yet  con¬ 
cealed  ?  To  this  we  can  hitherto  anfwer  neither 
in  the  affirmative  nor  in  the  negative,  as  we  have  no 
proper  grounds  either  for  the  one,  or  for  the  other. 
M.  Buffon  with  Hippocrates  (§.  532).  afcribes  in 
his  fyflem  a  feed  to  both  fexes,  and  holds  it  for  a 
fummary  of  all  organical  particles,  fimilar  to  the 
organical  parts  of  the  animal,  from  which  they  are 
feparated  (§.  536) ;  and  in  chap.  8.  furmifes,  that 
thofe  organical  particles  are  perhaps  what  appear  in 
the  feed  under  the  form  of  feminal  animalcula .  But  as 
to  the  female,  Dr.  Haller ,  in  the  preface  above  quo¬ 
ted,  makes  the  following  objections.  He  queftions 
not  the  experience,  in  which  M.  Buffon  had  found 
the  liquor  in  the  yellow  body,  or  yellow  gland,  full 
of  particles  in  motion.  But  then  Dr.  Haller  fays, 
that  this  is  what  this  juice  has  in  common  with  all 
human  juices,  even  flefh-broth  itfelf  containing  fuch 
living  lubflances.  That  the  yellow  gland  itfelf  af¬ 
forded  a  very  ftrong  reafon  againft  M.  Buffon.  That 
the  man  had  Ins  t  eft  es  from  his  birth,  that  they  were 
mature,  when  he  performed  the  ad  of  copulation, 
and  that  the  impregnating  liquor,  he  difcharged  to¬ 
wards  the  great  work  of  generation,  was  ready  and 
prepared  in  the  teftes ,  previoufly  fitted  for  it.  But 
that  the  woman,  and  particularly  the  young 
beauties,  had  no  yellow  gland.  That  in  women, 

who  died  without  being  impregnated,  there  never 
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was  found  ayellow  gland.  That  when  a  young,  hale 
and  fruitful  woman  joins  in  copulation  for  the  firft 
time,  fhe  is  yet  without  this  organ  of  the  pretended 
feed.  How  then  could  file  have  the  feed,  that  is 
firft  to  be  colledted  in  this  organ  ?  That  this  yel¬ 
low  gland  was  not  the  caufe,  but  the  confequence  of 
the  impregnation,  and  arofe  firft  in  a  woman  after 
a  fuccefsful  copulation.  Jaded  for  fome  time  after 
child-bed,  and  difappeared  gradually,  and  was  never 
replaced  by  another  like  gland,  if  not  impregnated 
again  anew.  I  have,  adds  Dr.  Haller ,  without 
prejudice  and  defign,  opened  many  hundred  old 
and  vouno*  women,  and  never  above  ten  times 

J  O  ' 

found  the  yellow  body,  and  always  in  women  dying 
pregnant,  lying  in,  or  foon  after  child-bed.  And 
the  anatorhifts  perhaps  are  not  common,  that  have 
feen  this  yellow  gland  ten  times  in  the  man.  Againft 
the  formation  of  the  animated  feminal  particles, 
againft  the  fimilitude  they  are  to  have  with  the  parts 
of  the  animal,  in  whofe  feed  they  are  lodged,  and 
againft  the  origin  of  the  fruit  or  foetus  therefrom. 
Dr.  Haller  ftarts  the  following  doubts  and  objedtions. 
The  feminal  particles  according  to  Buff  on*  s  fyftem 
are  to  be  formed  in  the  organical  parts  of  the  parents 
as  in  moulds  and  models.  But,  afks  Dr.  Haller , 
can  the  matter,  which  forces  into  the  organical  parts 
of  the  parents,  aftume  another  form,  than  that  of 
the  intermediate  fpaces  of  the  nourifhing  parts,  be¬ 
tween  which  it  was  lodged,  and  from  which  its 
own  overplus  had  expelled  it  ?  Do  fuc-h  elementary 
Interfaces  conftitute  the  perfonal  form  of  a  man  ? 

The 


199 


Of  SOLID  BODIES, 

The  particles  of  the  feed  are  to  be  copies  of  the 
organical  parts  of  the  parents.  Dr.  Haller  oppofes 
to  this,  that  no  one  man  refembles  another  in  inter¬ 
nal  ftrufture,  and  confequently  no  child  his  father  in 
that  refpedh  For  proof,  what  follows  is  adduced. 
Dr.  Haller  fays,  never  were  two  men  feen,  in  whom 
all  the  nerves,  all  the  arteries,  all  the  returning  vef- 
fels,  or  veins,  and  even  the  mufcles  and  bones 
did  not  infinitely  differ  from  each  other.  After  de- 
fcribing  fifty  times  the  arteries  of  the  arm,  the  head 
or  the  heart,  I  found  thefe  fifty  defcriptions  all  un¬ 
like.  And  it  gives  me  the  greateft  trouble  imagin¬ 
able  to  reduce  the  greateft  part  to  a  general  coin¬ 
cident  account.  The  diverfity,  efpecially  in  the 
nerves  and  the  veins,  is  fo  infinite,  that  fear ce  any 
defeription  of  them  can  be  brought  to  bear.  Not  only 
the  fize  of  the  branches,  their  angles,  their  pofitions, 
their  divifions,  the  places  of  the  valves,  and  the  exit 
of  the  branches  differ,  but  even  the  number  of  their 
parts  is  never  one  and  the  fame.  The  large  branches 
are  often,  the  middling  always,  and  the  lefs  altogether 
on  both  fides  in  the  fame  bodyconftantly  unlike  each 
other.  And  the  child  is  thus  no  copy  of  the  father. 
How  could  it  otherwife  differ  fo  much  from  the  fa¬ 
ther  in  its  ftrudture ;  and  what  is  ftill  more,  how 
could  it  have  parts,  that  the  father  has  not  ?  An 
anatomift  knows  well,  that  thoufands,  and  millions, 
pay  thoufands  of  millions  of  veffels  are  wanting  in  the 
grown  and  generating  man,  that  are  extant  in  the 
embryo,  It  has  large  umbilical  arteries,  an  urinary 
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dudt  or  urachus ,  an  umbilical  vein,  and  a  foramen 
«  ovale i  a  pedtoral  gland,  the  thymus ,  and  a  number  of 

other  parts,  which  the  father  has  not ;  and  a  double 
row  of  teeth  againft  a  fingle.  A  Hottentot  with  on- 
dy  one  tefticle  j  a  Swifs ,  w  ho  has  one  of  his  tefticies 
cut  out  in  his  childhood,  long  before,  according  to 
M.  Buff  on ,  the  fuperfiuous  parts  of  the  g  rown  man 
are  remanded  back,  begets  an  entire  man  with  two 
tefticies.  A  man  alfo  that  lofes  a  hand,  a  leg,  an 
eye,  begets  a  compleat  fon.  Here  indeed  M.  Buffon 
might  aferibe  the  recruited  arm  and  eye  to  the 
mother,  but  the  tefticies  he  cannot.  The  females, 
that  are  carefully  kept  and  locked  up  with  one 
fingle  pug-dog,  having,  as  little  as  the  fire,  any 
ears,  bring  forth  young  with  a  compleat  fet  of  ears. 
Do  then  young  horfes  want  the  fcoop-teeth,  which 
the  ftallion  and  mare  have  long  fince  fhed  ?  So 
that  thus  the  child  is  not  the  copy  of  his  father. 
The  copies  of  the  organical  parts  of  the  parents  are 
what  a  child  is  to  conftft:  of,  on  both  feeds  being 
mixed  together.  Then  Dr.  Haller  adds  ;  but  thefe 
formed  parts  float  about  without  any  order  in  the 
fluid  feed  ;  and  M.  Buffon  has  hitherto  pointed  out 
no  caufe,  that  fhould  bring  them  into  order,  that 
fhould  unite  the  pa  rticles  of  the  eyes  of  the  father 
with  the  particles  of  the  eyes  of  the  mother  ;  and  in 
particular  thofe  of  the  right  fide  with  thofe  of  the 
right  fide,  and  of  the  left  with  the  left,  and  of  the 
pupil  with  the  pupil,  and  thofe  of  the  retina  with 
their  fellows ;  that  fhould  diredl  the  particles  of  the 
ear  to  their  proper  place  ai)d  diftance  from  the  eye  ; 

that 
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that  fhould  in  the  jufteft  manner  meafure  out  the 
pofition  and  proportion  of  all  the  parts.  There  is 
wanting  an  architect  to  difpofe  the  many  Tingle 
copies  of  the  different  parts  of  the  large  arteries  in  a 
proper  arrangement  according  to  the  length  of  the 
body ;  and  in  a  word,  to  conftruCt  the  divided, 
microfpical  parts  of  the  parent  bodies  according  to 
the  wonderful  plan  of  a  human  body;  ever  to  prevent 
an  eye  from  being  in  the  knee,  or  an  ear  on  the  fore¬ 
head,  or  a  toe  from  growing  on  the  hand,  or  a  finger 
on  the  foot,  as  in  the  fhooting  of  falts  and  cryftals 
innumerable  unformed  and  difplaced  tacks  or  fhoots 
are  every  moment  to  be  found.  M.  Buff  on  here 
needs  a  force,  which  examines,  choofes,  has  an 
end  in  view,  which  againft  all  the  laws  of  a  blind 
combination  always  and  infallibly  caffs  a  like  throw. 
For,  moft  animals  conceive  on  the  firff  copulation, 
and  bring  forth  always  regular  animals,  againft  the 
number  of  which,  monfters  happen  fo  rarely,  that 
:  according  to  the  rules  of  calculation  they  may  go  for 
I  nothing, 

§.  539.  In  Tuch  great  darknefs  therefore  our  un- 
!  derftanding  finds  itfelf  involved,  when  it  would 
i  fhew,  what  is  the  male  feed,  and  what  it  contrff 
!  butes  to  generation  !  Was  there  neither  in  the  eggs, 

I  nor  in  the  female  animals  with  wombs,  any  thing 
jorganical ;  we  might  reafonably  adopt  the  fyftern 
of  the  feminal  animalcula ;  which  may  aifo  be  fuff 
ficiently  defended  againft  the  objections  of  M.  Buff 
fon  (§.  53 5.),  when  inftead  of  the  firft  man  con- 
1  gaining  all  his  pofterity,  we  confider  the  animalcula , 

formed 
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formed  in  fmall,  as  difperfed  all  over  the  different 
bodies  in  and  upon  and  above  the  earth.  For,  find¬ 
ing  no  formed  matter  at  all  in  the  female  animals, 
why  fhould  we  then  confider  the  animalcula  in  the 
male  feed  as  infe&s  and  ufelefs  vermin  ;  and  on  the 
contrary  look  upon  the  remaining  matter  of  the 
male  feed,  in  which  nothing  animated  is  found, 
more  adapted  for  the  formation  of  the  foetus  ?  But 
if  in  the  eggs  and  female  tefticles  fuch  animated  cor- 
pufcles  are  contained,  as  are  met  with  in  the  male 
feed  ;  it  does  not  appear,  how  the  generation  of  an 
animal  can  be  explained  thereby.  For,  if  thefe 
corpufcles  in  the  animals  of  both  fexes  are  already 
animals  fui  generis ;  how  do  they  arrive  to  growth 
and  to  evolution,  when  coming  together  from  both 
fexes  ?  Of  two  is  there  to  be  made  one  ?  How 
can  one  reprefent  this  to  himfelf  as  poffible  ? 
Is  each  time  only  a  Angle  animal  to  be  the  fcetus  ? 
The  foetus  is  either  male  or  female.  An  animalculum , 
that  affords  a  male  foetus,  may  arife  from  the  male 
feed ;  and  an  animalculum ,  that  is  to  be  a  female 
foetus,  be  contained  in  the  female.  But  then  what 
is  the  reafon,  that  an  animalculum  from  the  female 
feed  never  turns  to  a  growing  foetus,  unlefs  the  ani¬ 
malcula  of  the  male  feed  concur :  whereas  the  fe- 

t 

male  animal  always  yields  nourifhment  and 
growth  to  the  foetus,  either  in  the  womb,  or  in 
an  egg  ?  Is  one  feminal  animalculum  to  have  the 

ÖÖ 

force  of  impelling  another  to  the  place,  where  it  is 
to  find  the  proper  nourifhment  for  its  evolution  ? 

Frornu 


0/  S  O  L  I  D  B  O  D  I  E  S,  203 

From  which  feed  is  the  impelling  animalculum  to  be  ? 

If  the  animated  corpufcles  in  both  feeds,  according 
to  Buff  on's  opinion,  are  copies  only  of  thofe  parti¬ 
cles,  of  which  the  organs  of  the  generating  animals 
confift,  how  can  a  third  of  the  very  fame  fpecies  be 
put  together  of  two  organical  particles  of  one  and 
the. fame  fpecies?  For  inftance,  how  could  the 
copies,  which  are  to  derive  from  the  heads  of  Cicero 
and  his  Terentia ,  have  been  at  one  time  able  to 
unite  into  ahead,  which  is  adapted  to  young  Cicero  ; 
and  at  another,  into  a  head,  fitted  only  for  young 
' Tullia  ?  If  therefore  the  male  and  female  animals 
have  in  the  liquors  of  their  organs  of  generations, 
corpufcles  formed  and  animated  of  one  and  the 
fame  fpecies,  wre  cannot  adopt  and  maintain  either 
Buffon- s  fyftem,  or  that,  by  which  Leewenhoeck  and 
others  would  derive  the  generation  of  animals  from 
the  animalcula  of  the  male  feed. 

§.  540.  And  thus  the  fyftem  of  the  eggs  appears 
to  gain  a  preference,  which  the  objections  againft 
it  (§.  538.)  cannot  affect.  That  in  eggs,  to  which 
no  male  feed  is  derived,  hitherto  no  figns  of  a  mat» 
ter  for  the  foetus  are  difcovered,  is  far  from  being 
a  fufEcient  ground  to  deny  fuch  matter.  The  fruit 
or  foetus  may,  on  account  of  its  minutenefs,  be  un- 
diftinguifhabie.  In  how  many  grains  of  feed  is  not 
the  contained  plant  undiftinguifhable  for  the  very 
famereafon!  If  therefore  in  the  female  animals, 
which  bring  forth  live  young,  fuch  eggs  were  to  be 
diftinguifhed,  as  are  laid  by  other  animals  s  it  would 
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be  Far  more  probable  to  affirm,  that  the  flru&ure  of 
the  animals,  arifing  by  generation,  was  contained 
in  the  eggs,  than  to  give  out  either  the  animalcula 
in  the  male  feed  for  the  fetus,  or  to  derive  gene¬ 
ration  from  the  mixture  of  formed  particles  in  both 
feeds.  But  then  muff  the  matter,  in  which  a  fetus, 

*  a 

formed  in  little,  or  miniature,  is  included,  be  fully 
of  the  fpecies,  of  which  the  laid  eggs  are  ?  When 
we  reprefent  to  ourfelves  an  egg  in  general,  as  a 
round  corpufcle,  in  which  a  formed  fetus  lies 
concealed,  which,  by  the  fprinkling  of  the  male 
feed,  acquires  its  firfl  growth  ;  we  may  affirm,  that 
the  eggs,  which  are  laid  by  certain  animals,  are  only 
a  fpecies  of  eggs.  If  we  abftain  from  the  opinion, 
that  among  all  the  fpecies  of  animals,  the  firft  female 

contained  in  her  eggs  her  whole  pofterity,  M.  Buf- 
fon’s  objections  (§.  535.)  cannot  affed  us. 

CHAP.  IV.  *  1 

Of  the  Generation  of  Plants, 

§.  541.  rip  HE  fruitful  feed  of  a  plant  confifts  of 
JL  a  Ihell,  and  an  inner  pellicle  and  of  the 
flefhy  or  pulpy  part,  and  of  an  embryo-plant  or  plan - 
tula  feminalis .  And  thus  it  coincides  with  an  egg, 
which  in  like  manner  has  a  Ihell,  and  underneath,  a 
tender  pellicle  or  film,  and  the  white  and  yolk,  like 
the  flefhy  part  of  the  feed.  And  hence  fome  of  the 
ancient  philofophers  held  the  feed  of  a  plant  for  an 
egg.  And  therefore  baron  JVolfiusy  in  his  Rational 

thoughts 
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thoughts  on  the  ufe  of  the  farts  in  men>  heafls  and 
plants ,  §.  263.  calls  the  feed  an  expounder  of  the 
egg,  and  this  an  expounder  of  that.  The  plantule 
contained  therein  is  the  principal  part,  as  from  it 
the  future  plant  grows.  It  confifts  of  three  parts, 
moft  diftinguifhable  in  beans,  and  in  the  kernel  of 
fruits ;  of  the  radicle,  which  projects  over  the 

flefhy  part,  of  a  pair  of  little  leaves  or  blades,  gene- 

< 

rally  called  the  heart-blades,  and  of  an  eye,  Handing 
in  the  middle  between. 

§.  542.  Without  bloflom  or  flower  no  feed  arifes. 
And  thus  in  the  enquiry,  how  the  feed  is  generated, 
and  a  plant  may  become  fruitful,  the  nature  and 
ftrudlure  of  the  bloflom  or  flower  are  to  be  con- 
fldered.  Bloflfoms  are  of  three  forts,  male,  female, 
and  hermaphrodite.  The  male  bloflom  or  flower  has 
in  its  hulls  and  fkins  certain  filaments,  or  flamina , 
which  bear  feed-repofitories  or  anther which  moftly 
confifl  of  two  little  fhells,  rolled  up  together,  be¬ 
tween  whofe  fibrillte  a  duft  is  feparated,  which,  on 
the  unfolding  of  the  little  fhells  ftrews  and  difiipates 
itfelf.  The  female  bloflom  or  flower  is  diftinguifli- 
able  by  the  piftil,  which  confifts  of  the  ovarium  and 
the  ftyle.  The  ovarium ,  which  contains  the  form  of 
the  future  fruit,  has  in  the  middle  of  the  flower-cup 
or  calix  a  clofe  connexion  with  a  little  body,  which 
often  appears  like  a  little  pillar,  or  alfo  has  another 
form,  and  many  times  called  the  cake  or  placenta . 
The  ftyle  has  feveral  forms,  and  is  often  like  a 

filament,  and  goes  either  to  the  centre  of  the  ovarium, , 

or 
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or  between  what  are  called  the  ovula,  or  little  eggs^ 
to  the  placenta.  The  flyle  is  either  one,  or  many¬ 
fold.  The  one  fold  or  fmgle  divides  in  its  progrefs 
into  its  different  parts,  ufually  called  the  tubes  of 
the  flyle.  Many  flyles  have  an  apparent  cavity,  but 
in  many  others  it  lies  concealed.  The  hermaphro¬ 
dite  flowers  have  flamina ,  and  ä  piftil  at  the  famd 
time.  The  defcription  of  thefe  three  forts  is  taken 
from  M.  Ludwig’ s  deputation,  in  which  he  has  in  a 
concife  and  diflindl  manner  treated  on  the  fexes  of 
plants. 

§.  543.  According  to  thefe  three  forts  of  flowers* 
plants  them  (elves  are  thus  divided  into  male,  female* 
and  hermaphrodite.  Thus  for  inflance,  among  the 
flalks  of  hemp,  the  maflix,  turpentine,  palm  and 
mulberry  trees,  fome  are  of  the  male,  others  of  the 
female  fex.  Inflances  of  hermaphrodite  plants  are 
gourds,  hafel  trees,  cyprefles,  alders,  oaks,  and  many 
others,  which  are  fet  down  and  defcribed  in  Mi 
Ludwig's  Definitions  generum  plantarum . 

§.  544.  The  impregnation  of  the  feed  happens  by 
means  of  the  flower-dufl  or  farina .  M.  Linnaeus': 
found  the  favin  tree  fruitful  in  the  Upfal  garden,,, 
where  the  male  plant  flood  by;  and  unfruitful  in  the:; 
Clifford  garden,  where  the  male  was  wanting.  Howh 
the  Africans  in  the  country  of  Sherid  make  the  palmi 
trees  fruitful,  M.  Ludwig  in  his  travels  thither 
learned  from  the  inhabitants  themfelves,  as  he  men¬ 
tions  in  his  deputation  above  quoted,  §•  33 •  The 
Sberiders  are  perfectly  well  acquainted  with  the  diffe¬ 
rence 
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rence  of  the  palm  tree,  whofe  flowers  exhibit  bare 
duft-filaments,  and  the  other,  that  only  bears  fruit«, 
The  palm  trees  of  the  laft  fort  they  rear  in  great 
numbers ;  but  thofe  of  the  firfl  they  keep  only  here 
and  there.  They  flick  a  branch  of  the  duft-bear- 
ing  tree  near  the  fruit-bearing  one.  And  thus,  as 
they  ufually  fpeak,  the  female  plant  is  frudtified  by 
the  male.  The  du  A  or  farina  is  ftrewed  about  by 
the  wind,  that  even  the  palm  trees  ftanding  in  a  ring 
are  thereby  fru&ified.  In  the  garden  of  the  royal 
academy  of  fciences  at  Berlin  there  is  a  female  palm 
tree,  which  may  be  about  a  hundred  years  old,  of 
which  in  the  fecond  part  of  the  Phyfical  Amufements 
the  following  particulars  are  related  :  For  the  laft 
thirty  years  it  blowed  annually,  alfo  bore  dates,  but 
which  remained  always  fmall  and  never  ripened.  M, 
Gleditfch  and  the  gardener  M.  Michelman  caufed  in 
the  April  of  1749  flowers  to  be  fetched  from  Lipfick 
to  Berlin  out  of  the  great  Bofian  garden,  where 
Hand  two  male  palm  trees.  One  flower  fucceeded 
well.  But  the  firfl  and  largeft  bunch  with  the  fe¬ 
male  flowers  on  the  Berlin  palm  tree  had  done  blow¬ 
ing.  And  thus  the  bunch  with  the  male  flowers 
was  hung  over  thofe  female  flower-bunches,  that 
were  ftill  the  largeft.  In  June  it  was  obfervcd, 
that  the  dates  were  grown  ftouter  and  fuller,  than 
other  wife  they  were  ever  wont  to  be  about  this  time 
of  year.  In  harveft,  as  they  began  to  dry, 
they  became  ftill  riper,  till  at  length,  at  the  be¬ 
ginning  of  the  year  1750,  they  came  to  their  lull 

ripenefs. 
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ripenefs.  On  the  bunch,  over  which  the  male 
flowers  had  hung,  there  were  a  hundred  and  fome 
odd,  but  on  the  next  to  thefe,  which  were  to  one 
fide  and  fomewhat  covered,  there  were  only  four 
ripe  dates.  On  the  other  bunches  all  the  dates,  as 
in  the  foregoing  years,  remained  unripe.  From  the 
ripe  dates  M.  Michelman  ftuck  fourteen  kernels  on 
April  6,  1750,  in  garden  pots,  which  he  had  con- 
ftantly  under  glafs  windows.  On  Auguft  2 6,  one 
kernel  was  obferved  to  have  fhot.  This  little  palm 
tree,  which  fo  early  refembled  a  dry,  pointed  fmall 
grafs,  gained  in  four  months  time  the  height  of 
half  a  foot.  By  little  and  little  there  fhot  up  ten 
kernels  more.  In  1750  the  experiment  was  re¬ 
peated  with  a  bunch  of  male  flowers,  which  were  alfo 
fetched  from  Lipfick ,  and  which  fucceeded  well  a 
fecond  time.  In  the  place  quoted  two  experiments 
more  with  other  trees  are  related.  The  maftix  tree 
had  blowed  for  many  years  in  the  garden  of  the 
royal  academy,  but  never  bore  ripe  fruit.  In  1747 
M.  Michelman  hung  a  branch  of  the  male  plant  in 
blow  over  the  female  plant  in  blow,  and  had  ripe 
fruit  on  the  branch  over  which  the  male  flowers 
had  hung  ;  from  the  feed  of  which  he  alfo  reared 
a  young  maftix  tree.  On  all  the  other  branches 
there  was  no  ripe  fruit.  In  the  very  fame  year  he 
fet  the  male  and  female  turpentine  trees  in  blow  by 
each  other ;  a  thing  he  had  never  done  before,  tho* 
they  had  for  feveral  years  already  blowed.  And 
thereby  he  procured  ripe  fruit,  which  before  he  had 

never 
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never  done,  and  from  the  feed  thereof  he  railed 
young  turpentine  trees,  Alfo  the  hermaphrodite 
plants  remain  unfruitful,  when  fbript  of  the  dull 
apices.  This  Mr.  Bradley' s  experiments  fhew,  which 
Mr.  profeffor  Kafiner  relates  in  the  above  cited  place. 
Mr.  Bradley  had  fct  twelve  tulips  in  a  feparatepart  of 
the  garden,  where  no  other  tulips  had  flood ;  and 
taken  away  their  apices,  as  foon  as  they  had  blowed. 
And  not  one  of  them  that  year  yielded  either  fruit 
or  feed  *,  though  not  one  of  400,  that  had  flood 
elfewhere  in  a  bed  of  the  garden,  had  failed  in  either. 
And  he  even  certifies,  that  on  taking  away  the  male 
flowers  from  gourds,  they  gave  no  fruit.  And  that 
the  catkins  of  walnuts,  hafel  nuts,  &c.  being  took 
off,  their  young  fruit  dropt  off  fo  foon  as  they  ap¬ 
peared.  That  the  fiower-duft  of  the  male  plant  may 
unite  with  the  ovarium  of  the  female,  is  what  the 
difcoveries,  made  by  Mr.  Needham  chiefly  in  the 
common  lilly  by  the  magnifying  glafs,  fhews. 
Above,  round  the  little  pillar  or  piflil,  he  obferved 
different  rows  of  nipples  or  tubercles,  in  lize  fitted 
to  the  little  grain  of  the  feed-dull.  Thefe  tubercles 
lengthen  out  into  tubules,  that  conflitute  the  fubflance 
of  the  piflil,  and  which  may  be  feen  with  the  naked 
eye  in  the  marfiimallow,  where  the  fiamina  fit  upon 
the  piflil.  On  cutting  the  piflil  acrofs,  it  is  feen 
all  over  perforated  with  innumerable  apertures.  They 
terminate  in  the  pithy  fubflance  of  the  ovarium , 
where,  by  little  elongations,  they  hang  together 
Vol.1L  P:t  with 
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with  each  little  grain  of  feed.  This  may  in  like 
manner  be  obferved  very  diftinctiy  in  the  marlli- 
mallow.  Mr.  Needham  found,  that  thefe  tubercles 
take  into  their  cavities  the  little  grains  of  the  feed  ; 
with  which  view  he  feparated  with  a  lancet  one  tu¬ 
bercle  from  the  others,  after  the  repofitories  of  the 
ieed-dufl,  or  anthers,  were  approached  to  the  head 
of  the  little  pillar  or  piftil. 

§.  54 5.  The  only  queftion  here  is,  what  the  dull 
of  the  male  flower  may  contribute  to  the  fructifying 
the  ovarium  ?  So  far  as  the  young  fhoot  or  bud  is 
contained  in  the  feed  before  the  time  of  blowing, 
we  have  reafon  to  maintain,  that  only  the  fubtleft 
part,  and  as  it  were  the  exhalation,  of  the  male 
flower-dull  infinuates  into  the  ovarium ,  and  there 
communicates  to  the  little  feed-plants  a  certain  force 
of  expanfion.  M.  Mylius  relates  in  the  fecond  vo¬ 
lume  of  the  Phyficai  Amufements ,  that  he  found 
in  an  unripe  or  unfruClified  date-kernel  no  internal 
pith  at  all  ;  but  a  fhoot  he  found,  but  brown,  di¬ 
minutive,  fhri veiled,  Spoiled,  and  quite  unfit  for 
fhooting. 

§.  546.  But  if  the  form  of  the  fruit  is  contained  in 
the  eggs  of  plantsandof  animals,  it  remains  to  enquire, 
whence  thefe  forms  may  have  taken  their  origin  ? 
Are  we  to  fuppofe  in  each  fpecies  of  plants  and  ani¬ 
mals  the  firft  female  to  have  contained  all  the  forms 
of  its  fpecies  of  male  and  of  female  fex  ?  M.  Buff  or?  s 
objections  againft  this  notion  (§.  535.)  remain  unan- 

fwerable. 
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fwerable  *,  Are  we  to  imagine  the  little  forms  of 
all  plants  and  animals  to  have  arifen  at  one  and  the 
fame  time  by  creation  ?  If  v/e  confider  the  prodigi¬ 
ous  number,  in  which  each  fpecies  of  animals  and 
plants  may  be  propagated  by  generation  ;  it  remains 
to  refleCt,  whether  the  matter  o'  the  earth,  and  of 
its  water  and  of  its  air  would  all  together  be  fuffi- 

O 

dent  to  form  at  one  time  all  the  forms?  M.  Buff  on  in 
the  fecond  volume  of  the  firft  part  of  his  General 
hifiory  of  nature ,  chap.  2.  fhews,  that  did  the  grain 
cl  feed  of  an  elm  tree  fully  exert  its  generative  force 
or  quality,  in  150  years  there  would  be  fo  many 
elm  trees,  that  the  contents  of  their  whole  matter 
would  equal  the  mafs  of  the  whole  earth.  Shall  we 
fay,  that  God  had  furnifhed  matter  with  fuck  forces, 
that  the  individual  parts  by  certain  addons  upon  and 
againft  each  other  unite  together  according  to  certain 
regulations,  and  thereby  form  bodies  with  cor refpond- 
ing  members  ?  M.  Buffon  appeals,  in  eftablifliing 
his  fyftem,  to  the  wide-fwaying  laws  of  gravity  and 
attraction.  And  it  is  not  to  be  denied,  that  were 
the  earth  fully  refolved,  and  the  parts  diffufed  thro5 
a  wide  fpace,  and  then  left  again  to  themfelves,  but 
that  they  would  by  the  force  of  gravity,  whereby 


1 

**  We  can,  indeed,  by  no  images,  which  our  mind  can  de- 
vife  and  form  to  itfelf,  conceive  of  this  matter,  and  reach  to 
its  full  extent :  but  yet  it  would  be  ading  inconsiderately, 
for  this  reafon  to  rejed  the  whole,  as  falfe  and  groundlefs. 
The  underitanding,  not  the  imagination,  is  the  meafure  of 
truth.  Kruger ,  Phil.  Nat.  669. 
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they  all  together  tend  to  a  common  centre,  gra¬ 
dually  unite  again  with  each  other  into  a  mafs }  in 
which,  according  to  hydro ftatical  rules,  the  heavieft 
matter  would  come  neared  the  centre.  But  what  is 
it  we  know  of  the  forces,  whereby  organical  bodies 
are  to  be  formed  ?  The  force  of  gravity  indeed  im¬ 
pels  the  parts  towards  each  other,  and  brings  them 
to  an  equilibrium.  But  to  the  condrudlion  of  a 
plant  and  of  an  animal  this  force  of  gravity  is  inef¬ 
ficient.  So  veiled  then  to  our  underftandings  are 
the  origins  of  animated  bodies,  that  derive  fronv 
generation ! 
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PART  II. 

Of  the  S  u  n. 

-  C  H  A  P.  I. 

Of  the  Body  of  the  Sun. 

§•  547-  rT’'  H  E  fun  is  a  fpherical  and  fiery  body, 
1  whofe  furface  confifts  of  a  fluid  mat¬ 
ter,  whofe  parts  are  fubtle  in  the  higheft  degree,  and 
by  a  vehement  and  conflantly  tremulous  motion  fo 
a6t  on  the  asther,  that  the  earth  receives  more  light 
therefrom,  than  from  any  other  liar.  The  fpheri¬ 
cal  form  of  the  fun  may  be  thence  known  *  that 
the  fun  conflantly  prefents  itfelf  to  the  eye  as  an 
orb  or  dilk  (§.  482).  The  nature  of  the  furface 
has  already  been  difcufled  in  treating  on  light 
(§.  213.  feq.).  But  thence  it  is  evident,  that  we 
are  to  deem  the  fun  a  fiery  body  (§.  215). 

§.  548.  But  the  fun  confifts  not  throughout  of 
pure  molten,  and  equally  intenfe  fiery  matter.  For, 
often  we  obferve  therein  dark  places  or  fpots,  fuch 
as  were  firft  obferved  by  John  Fahricius  and  the  je- 
fuit  Chriflopher  Scheinen  in  16 11.  We  -are  not  to 
take  thefe  fpots  for  any  conftant  heavenly  body, 
or  ftar  •,  for,  their  magnitude,  figure,  and  denfity 
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are  ever  changing.  Alfo  in  regard  to  the  fun’s  difk 
they  have  no  parallax  (§.  485)  ;  fo  that  we  may 
fafely  conclude,  that  they  come  forth  from  the  fun's 
body. 

§.  549.  The  fpots  of  the  fun  are  neither  vapours, 
nor  matters,  feparated  from  the  furface  of  the  fun, 
and  floating  in  his  atmpfphere  ,  neither  bodies,  that 
float  on  the  furface  of  the  fun  as  in  a  molten  fea  , 
but  bodies,  that  for  a  while  maintain  their  ground, 
and  thereby  become  vifible  in  the  fun’s  difk,  as  be¬ 
ing  neither  glowing  nor  molten.  For,  fpots,  that 
remain  vifible  for  a  while,  feern  to  move  towards 
the  limb  of  the  fun,  each  in  its  motion  defcribing  a 
regular  line,  whofe  direction  is  towards  a  determi- 
nate  point  of  the  fun.  If  a  number  of  them  appear, 
they  retain  one  and  the  fame  diftance  from  each 

other,  as  long  as  they  laft  and  continue  their  mo- 
✓  s 
tion.  Such  things  are  by  no  means  characters  of  a 

floating  body,  or  waving  vapour.  Mr.  profefTor 
Haufen  in  his  T'hecria  mot  us  folis  circa  'proprium 
Gütern ,  propof  14.  holds  the  fun  for  a  fixt  body,  with 
many  cavities  in  it,  and  covered  with  an  entire  fiery 
rind  or  fhell.  By  the  fire  in  this  glowing  fhell,  and 
in, the  internal  parts  of  the  fixed  and  perforated  nu¬ 
de-  s  the  matters  are  feparated  afunder,  and  by  the 
elaidck  force,  contained  therein,  forced  upwards  to 
the  fun’s  furface.  If  thefe  ejected  loads  or  malles  are 
not  fully  melted,  or  become  glowing,  and  project 
over  the  glowing  furface ;  they  appear  as  fpots  on 
the  fun’s  difk.  So  that  we  are  to  confider  them  as 

mountains. 
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mountains,  ariling  out  of  the  fun,  and  either  in  feme 
time  after  finking  down  and  falling  back  again,  when 
their  foundations  are  confumed  by  the  ever  raging 
fire;  or  in  time  fc  heated  by  the  fire  of  the  fun’s  fhell, 
as  like  the  other  parts  thereof  to  become  fhining. 
Befides  thefe  fpots,  fometimes  alfo  certain  dark 
parts,  refembiing  a  mill  and  fume,  appear.  Alfo 
many  times  certain  places  are  found,  which  are 
called  faculty  as  their  light  differs  from  the  remain¬ 
ing  luftre  of  the  fun.  Thefe  facuhe  denote  a  certain 
pitch  of  glow.  And  what  are  called  mills  or  nebulae 
in  the  fun,  may  actually  be  fubtly  refolved  matters, 
but  which  neither  fully  lhine,  and  yet  alfo  afcend 
as  pillars,  and  difappear. 

§.  550.  Though  at  many  times  in  the  fun  there 
have  appeared  either  many  or  large  fpots,  yet  no 
diminution  of  his  heat  has  been  obferved,  In 
the  memoires  of  the  royal  academy  of  fciences 
at  Paris  for  the  year  1719,  it  is  mentioned,  that  in 
the  faicl  year  a  fpot  was  feen  in  the  fun,  whole  dia¬ 
meter  was  to  that  of  the  earth,  as  5  to  3,  and  con- 
fequently  was  four  times  bigger  than  the  earth  ; .  and 
that  in  1714  one  was  feen,  that  might  be  j 25  times 
bigger  than  the  earth.  And  that  the  duller  of  fpots,  fir  II 
obferved  December  7,  1706,  would  be  1728  times 
bigger  than  the  earth,  fo  it  had  a  fpherical  form. 
How  to  find  the  height  of  a  mountain  of  the  fun, 
maybe  learned  from profefibr Kraft9 s  difiertation,  De 
invenienda  difiantia  macularum  folarium  a  foie ,  pub«* 
killed  in  .the  Comment .  Petropolit .  T.  7.  p.  279. 
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C  H  A  P.  II. 

Of  the  Motion  of  the  Sun. 

§.  551*  HpHE  fun  in  twenty-five  days,  fifteen 
JL  hours  and  fixteen  minutes  moves 
from  eaft  to  well  about  his  axis.  For,  the  motion, 
obfervabie  in  the  fpots  of  the  fun,  happens  always 
towards  the  weftern  limb  or  edge  of  the  fun,  in  a 
regular  line,  directed  to  a  determinate  point  in  the 
fun  :  which  could  not  happen,  had  the  fun  no  cir¬ 
cular  motion,  which  that  of  the  fpots  muft  follow. 

And  thus  the  wettern  and  eaftern  limbs  of  the  fun 
are  every  moment  fhifting.  But  fo  this  fhifting 
were  imperceivable,  we  fhould  have  taken  the  limb 
of  the  fun,  appearing  to  us  to  the  weft,  for  his  wef¬ 
tern  limb  ;  and  that  appearing  to  the  eaft,  for  his 
eaftern  limb.  And  fo  we  underftand,  in  what  man¬ 
ner  it  may  be  faid,  that  afpot  moves  from  the  eaftern 
to  the  weftern  limb  of  the  fun.  Properly  it  is 
a  part  of  the  iun,  which  to  the  eye,  viewing  the 
fun’s  difk  from  eaft  to  weft,  is  ever  gaining  a  diffe¬ 
rent  fituation  to  the  weft,  fo  the  fun  turns  round 
his  axis.  That  this  motion  is  the  caufe  of.  the  mo¬ 
tion  of  the  fun’s  fpots,  appears,  befides,  from  this, 
that  theit  motion  is  quicker,  when  happening  along 
tue  oiametei  of  the  iun’s  difk,  than  when  palling 
along  a  choid.  b or,  a  point  in  a  great  circle  of  a 
fphere,  which  is  in  motion,  has  a  greater  decree  of 
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velocity  than  a  point  in  a  circle,  running  parallel 
with  the  great  circle.  Several  fpots,  that  have  dif- 
appeared  on  the  weitem  limb  of  the  fun,  have  in 
dome  days  after  re-appeared  on  the  eaftern  limb. 
And  from  this  the  rotation  of  the  fun  about  his 
axis  is  fully  evident.  Of  the  going  off,  and  return 
of  the  fpots  in  the  fun,  that  appearing  in  the  May 
of  1703  is  a  plain  inftance.  The  defcription  and 
draught  thereof  are  to  be  feen  in  the  memoires 
of  the  academy  of  fciences  for  that  year.  In 
what  manner  to  diftinguilh,  that  a  fpot,  we  had  be¬ 
fore  feen,  is  the  very  fame,  we  find  in  the  me¬ 
moires  for  the  year  1707.  After  many,  and  carefully 
repeated  obfervations,  it  has  been  found,  that  from 
the  time  a  fpot  is  obferved  in  a  certain  part  of  the 
fun,  till  it  is  feen  a  fecond  time  in  the  very  fame 
part,  there  paffes  a  fpace  of  twenty- five  days,  fifteen 
hours  and  fixteen  minutes. 

CHAP.  III. 

Of  the  Atmofphere  of  the-  Sun. 

§.  552. HE  fun  is  encompaffed  about  with  a 
JL  fluid  matter,  different  from  the  aether, 
and  called  his  atmofphere.  In  general,  we  under¬ 
hand  by  the  atmofphere  of  a  body,  a  fluid  matter, 
which  exceeds  it  in  fubtlety,  has  a  connection 
therewith,  and  environs  its  whole  furface.  The  fun’s 
atmofphere  may  be  known  from  the  following  ap¬ 
pearances.  Before  fun-rifing,  and  after  fetting,  there 
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appears  at  the  place  of  rifing  and  fetting  in  a  clear 
fky  a  light,  having  at  the  horizon  now  a  larger,  again 
a  fmaller  breadth,  and  now  at  a  greater,  and  again 

i 

at  a  lefs  diftance  from  the  fun,  running  pointed  or 
tapering,  and  in  brightnefs  becoming  equal  to  the 
light  of  the  milky  way.  The  lead:  Breadth  was 
never  obferved  under  nine  or  eight  degrees ;  and  the 
greateft,  never  above  20.  Its  lead:  didance  from 
the  fun  has  been  obferved  to  be  between  60  and  50 , 
and  its  greateft,  between  100  and  103  degrees. 
This  light  is  called  the  zodiacal  light .  As  the  fun 
now  appears  to  remove  from  our  vertex  more  fouth- 
erly,  but  again  to  come  nearer  our  vertex,  and  af- 
cend  more  northerly  ;  fo  alfo  this  light  is  at  the 
fame  time  with  the  fun  obferved  now  more  fou til¬ 
er]  y,  again  more  northerly.  From  this  circumftance, 
and  from  its  refemblance  with  the  light  of  the  milky 
way,  it  appears,  that  the  zodiacal  light  is  without- 
fide  the  earth’s  atmofphere,  and  appertains  to  the 
fun,  or  has  a  connection  with  him.  The  aether 
it  cannot  be.  For,  it  throws  back  or  refledfts  into  our 
eye  the  light,  Booting  up  from  the  fun,  under 
the  horizon.  But  this  is  never  done  by  the  aether, 
whether  in  the  night  we  view  the  ftarry  heavens 
above,  or  near  the  zodiacal  light. 

§.  553.  The  zodiacal  light  differs  from  the  morn¬ 
ing  and  evening  twilights  ;  the  twilights  not  running 
pointed  in  the  manner  of  the  zodiacal  light,  and 
having  a  greater  breadth  at  the  horizon. 
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PART  III. 


Of  the  other  heavenly  Bodies. 
SECT.  I. 

Of  the  fixt  S  T  A  R  s. 
CHAP.  I. 

\ 

Of  the  E  c  l  i  p  T  i  c  k. 

§.  554-  ^PHO  S  E  ftars  are  called  fixt,  that 
JL  ever  retain  one  and  the  fame  diftance 
with  refpedt  to  each  other :  aftronomers  have  rang¬ 
ed  them  into  certain  orders  or  fyfrems,  by  affuming 
a  certain  number  of  them  together,  to  which  they 
give  a  name.  Such  an  order  or  number  is  called  a 
confletlation ,  or  afierifm . 

§.  555.  In  the  night,  the  earth’s  atmofphere  being 
clear,  the  fixt  liars  appear  all,  as  it  were,  equidif- 
tant  from  us,  and  faftened,  like  fo  many  mining 
points,  in  the  furface  of  the  concave  fphere  of  the 
heavens.  The  point  to  the  left,  on  turning  the  face  to 
the  eafl,  is  called  the  north  ,  and  that  to  the  right,  the 
fouth.  To  the  north  is  a  conftellation  in  the  heavens, 
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called  the  little  bear.  The  centre  of  the  circle, 
which  the  out  mod  (far  in  her  tail  appears  to  de- 
fcribe,  is  called  the  north  pole ,  and  the  dar  itfelf 
the  polar  flar :  on  the  contrary,  the  point  to  the 
fouth,  diftant  by  a  femicircle,  or  180  degrees  from 
the  north  pole,  the  fouth  pole.  The  right  line, 
which  we  may  imagine  to  be  drawn  from  one  pole 
to  the  other,  is  called  the  axis  of  the  world .  Befides 
both  the  poles,  there  are  two  points  more,  obferva* 
ble  on  the  immoveable  furface  of  the  fphere  of  the 
world,  one  of  which  (lands  over  one’s  vertex  ;  and 
the  other,  under  one’s  feet,  and  180  degrees  diftant 
from  the  former.  The  former  is  called  the  zenith  ; 
the  latter,  the  nadir.  Through  both  poles,  and 
the  zenith  and  nadir,  a  circle  fuppofed  to  be  defcrib- 
ed  on  the  immoveable  furface  of  the  fphere  of  the 
world,  is  called  the  meridian .  There  is  further  a 
circle  imagined  to  be  defcribed  on  the  furface  of  the 
fphere,  diftant  from  each  pole  90  degrees,  and 
called  the  equator,  and  dividing  the  fphere  into  two 
hemifpheres,  the  northern  and  the  fouthern.  In 
the  northern  is  the  north  pole  j  in  the  fouthern,  the 
fouth  pole. 

§.  556.  The  fun  appears  now  to  afcend  to  a  cer¬ 
tain  point  from  the  equator  northwards,  again  to 
turn  back  from  it  to  the  equator,  and  defcend  again 
fouth  wards  to  a  certain  point,  and  from  that  to  re¬ 
turn  again  to  the  equator.  This  path,  which  he 
feems  to  defcribe,  in  coming  in  his  courfe  from  one 
point  to  another,  is  called  the  ecliptick  ,  in  which 
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arc  12  conftellations,  or  figns,  Aries  y,  Taurus  8, 
Gemini  n:5  Cancer  so,  Leo  pL,  Virgo  Libra  &w- 

yw  Sagittarius  Capricorn  Aquarius  Life  es 

X.  The  fun  appears  to  perform  his  courfe  in  this  path 
from  weft  to  eaft.  For  on  viewing,  for  inftance, 
after  fun-fet  at  the  place  of  fun-fet,  and  af¬ 
ter  four  weeks  obferving  the  place  of  fun-fet  diredlly 
upon  it  i  Taurus ,  which  four  weeks  before,  flood 
more  eafterly,  appears,  near  the  fet  fun.  After  four 
weeks  more,  Gemini ,  which  eight  weeks  before 
flood  more  eafterly  ftiil  than  T aurus ,  appears  alter 
fun-fet  to  be  near  him.  In  this  manner  the  fun  ap¬ 
pears  ever  continuing  to  move  on  to  the  following 
conftellations,  till  he  comes  again  to  Hand  near  Aries . 
The  time,  in  which  he  performs  this  apparent  mo¬ 
tion,  amounts  to  365  days,  5  hours  and  49  minutes, 
and  is  called  the  folar  year. 

§.  557.  If  we  obferve  both  the  points,  in  which 
the  fun  removes  furtheft  from  the  equator,  now  to 
the  north,  again  to  the  fouth  ;  the  ecliptick  comes 
to  be  confidered  as  a  circle,  palling  through  both 
thefe  points,  and  interfe&ing  the  equator  in  two  other 
points,  diftant  180  degrees  afunder.  And  this  cir¬ 
cle  thus  divides  the  equator  into  two  equal  parts. 
The  equator  is  a  great  circle  of  the  fphere,  as  di¬ 
viding  it  into  two  hemifpheres  (§.  555).  And  con- 
fequently  too  the  ecliptick  is  a  great  circle ;  in  re¬ 
gard  every  circle  is  equal  to  the  circle,  which  it  divides 
into  two  equal  parts.  Now  as  the  point,  from  which 
all  points  in  the  periphery  of  a  circle  on  the  fphere’s 
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furface  (land  equidiftant,  is  called  its  pole  ;  fo  alfo 
the  ecliptick  has  its  poles,  but  different  and  diftant 
from  the  poles  of  the  world. 

C  H  A  P.  II. 

Of  the  State  of  the  fixt  Stars. 

§.558.  N  arch  of  a  circle,  which  is  defcribed 
JL  jL  through  a  ftar  and  the  pole  of  the 
world,  intercepted  between  the  ftar  and  the  equator, 
is  called  the  flares  declination.  But  of  a  circle  de- 
feribed  through  the  centre  of  a  ftar  and  through  the 
pole  of  the  ecliptick,  the  arch,  intercepted  between 
the  ftar  and  the  ecliptick,  is  called  the  latitude  of  the 
ftar.  As  there  are  1 2  conftellations  in  the  ecliptick, 
in  regard  to  thefe  it  is  divided  into  12  parts.  But 
confidered  as  a  circle,  into  360  degrees,  each  part 
having  30  of  thefe  degrees.  The  point,  in  which 
the  equator  is  interfered  by  the  ecliptick,  as  the 
fun  appears  to  enter  into  it  from  the  fouth,  has  the 
fign  of  Aries .  The  arch  of  the  ecliptick,  which 
goes  from  the  beginning  of  this  fign  to  the  point, 
in  which  the  circle  of  latitude  of  a  ftar  interfecls  the 
ecliptick,  is  called  the  longitude  of  the  ftar.  By  the 
latitude  and  longitude  of  a  ftar,  its  place  is  deter- 
termined.  Or,  knowing  its  longitude  and  latitude, 
we  alfo  know  its  place.  And  by  the  longitude  and 
latitude  found,  the  fixed  ftars  are  difpofed  on  the 
celeftial  globe. 

§•  559* 
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§.  559.  From  comparing  the  obfervations,  made 
for  ages  back  to  our  time,  it  appears  that  the  longi¬ 
tude  decreafes  in  all  the  fixt  fears  in  an  equal  quan¬ 
tity.  This  decreafe  amounts  yearly  to  50  leconds, 
and  confequently  in  72  years  to  a  degree.  And 
knowing  the  longitude  of  a  ftar  for  any  particular 
year,  we  may  find  it  in  any  other  year,  either 
preceding  or  following  the  year  in  which  it  was 
known.  And  follow  the  year,  in  which  we  would 
know  the  longitude,  that  in  which  it  is  known; 
you  add  to  the  known  longitude  fo  many  50  fe- 
conds,  as  there  are  intermediate  years.  For  inflance, 
by  de  La  Hire's  tables,  the  longitude  of  the  dog- 
flar  at  the  beginning  of  the  year  iyoi  was  90  57' 
33  in  Cancer .  And  adding  thereto  52  times  50, 
that  is  2600  feconds,  the  longitude  for  the  year 
j  753  ==  1  o°  40'  53h  In  the  latitude  no  alteration 
has  hitherto  been  obferved.  And  therefore  the  fixt 
fears  appear  to  move  from  well  to  eafi  in  circles, 
parallel  to  the  ecliptick.  The  entire  apparent  revo¬ 
lution  happens  in  25920  years  ;  as  being  the  num¬ 
ber  arifing,  on  multiplying  360  degrees, by  72  years, 
the  time  in  which  a  flar  appears  to  move  about  a 
degree.  And  fo,  fome  centuries  before  our  Saviour’s 
birth,  the  firfi  flar  of  Aries  ^  into  which  conftellation 
the  fun,  after  his  apparent  return  from  the  fouth, 
appears  to  come,  had  ns  place  at  the  interfedtion  of 
the  equator  and  the  ecliptick,  whereas  now  it  is  re¬ 
moved  from  it  about  30  degrees  to  the  eaft.  But 
though  the  12  conftellations  in  the  ecliptick,  do  all 
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of  them  move  out  of  their  places  \  yet  the  places* 
in  which  they  formerly  flood,  are  flill  denominated 
from  them,  and  marked  with  their  figns.  When  the 
fun  in  his  apparent  motion  from  the  fouth  enters 
the  interfedlion  of  the  equator  and  ecliptick,  he 
makes  the  vernal  equinox.  And  entering  it,  before 
the  birth  of  Chrifl,  at  the  time,  when  the  fir  ft  ftar  of 
Aries  was  in  the  faid  interfedlion,  he  made  the  vernal 
equinox  on  coming  to  the  nrft  ftar  of  Aries .  In  72 
years  after,  he  made  the  equinox,  before  he  came  to 
the  firil  ftar,  as  being  now  a  degree  diftant  from  it. 
And  this  we  call  the  anticipation  or  precejfon  of  the 
equinoxes. 

§.  560.  On  comparing  the  obfervations  of  the  an¬ 
cient  aftronomers  with  thofe  of  the  modern,  we  find 
alfo  that  the  declination  of  the  fixt  ftars  changes.  In 
the  year  1697  the  diftance  of  the  polar  ftar  from  the 
pole  v/ as  20  1 8  50",  and  therefore  the  declination 
of  this  ftar  was  87°  41'  10".  Whereas  in  the  days 
of  Eudoxus  the  pole-ftar  was  120  diftant  from  the 
pole  :  fo  that  then  the  declination  of  the  pole-  ftar 
was  78°. 

From  the  variations  of  the  longitude  and  declina¬ 
tion  of  the  fixt  ftars  it  is  thus  evident,  that  a  cele- 
ftial  globe,  in  fome  time  after  it  is  made,  does  not 
duely  fhew  their  true  pofitions.  M.  Cqjjini  exhibited 
a  globe  to  the  academy  of  faiences,  whofe  ufe  is 
conftant,  without  requiring  any  alteration,  either  to 
be  actually  made,  or  to  be  fuppofed.  Mention 
is  made  thereof  in  the  memoires  for  the  year 
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1 70S»  It  turns  as  well  round  the  axis  of  the  equa¬ 
tor,  as  all  other  globes  do,  as  about  the  axis  of 
the  ecliptick,  which  is  the  peculiarity  in  this  globe. 
A  circle  is  defcribed  about  the  pole  of  the  ecliptick, 
whofe  radius  is  230  This  circle  the  pole  of  the 
equator  is  to  revolve  in,  in  25920  years.  Now  on 
reducing,  for  a  certain  epocha,  the  pole  of  the  equa¬ 
tor  to  its  proper  point  in  this  circle,  there  you  fix  it 
down.  And  thus  the  globe  revolves  not  barely 
about  the  axis  of  the  equator,  as  is  neceßary  for  the 
ufual  operations.  And  you  may  inftantly  fee,  what 
pofition  of  the  heavens  obtained  in  the  days  of  our 
anceftors,  as  alfo  what  will  obtain  in  thofe  of  our 
poflerity. 


SECT.  11. 

Of  the  Planets. 


CHAP.  I. 

Of  the  Diftindtion  of  the  Planets, 


§.  561.  rr\HE  planet or  ftars,  which  change  their 
A  diflance  as  well  among  thtmfelves,  as 
alfo  are  now  feen  at  this,  again  at  that  fixt  ftar,  are 
partly  primary ,  partly  jecondary .  The  primary  planets 
Vol.  IL  revolve 
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revolve  round  the  Sun  o,  as  Mercury  g,  Venus  9, 
Mars  cf,  Jupiter  Saturn  73.  The  feccndary 
planets ,  or  moons^  or  fatellites ,  revolve  round  a  pla¬ 
net,  A  body  revolves  about  another,  when  that 
other  is  considered  as  the  point,  by  which  the  re¬ 
volving  body  confbmtly  regulates  itfelf  in  its  path 
or  courfe.  Round  the  earth  a  Tingle  fatellite  only, 
called  fimply  the  moon  ]> ,  revolves  :  whereas 
round  Jupiter  there  revolve  four,  and  round  Saturn 
five  fatellites  or  moons.  Simon  Marius ,  mathema¬ 
tician  to  the  margrave  of  Brandenburg ,  towards  the 
end  of  November  1609,  firfl  difcovered  three  of  Ju- 
,  pit  er*  $  fatellites,  and  alfo  the  fourth  in  the  January 
and  February  of  the  following  year.  Galileo  obferved 
them  in  Italy  on  the  7th  of  January  1610,  and  the 
fame  year  defcribed  them  in  his  Nuncius  Sidereus. 
Huygens ,  March  25,  1655,  firfl  difcovered  a  fatel¬ 
lite  about  Saturn.  But  Caßni  afterwards  difcovered 
four  more. 


CHAP.  II. 

Of  the  Light  of  the  Planets. 

§>  562,  Hp  H  E  light,  whereby  the  planets  are 
A-  difcernible,  arifes  not  folely  from  their 
proper  force  or  virtue.  The  moon  appears  fome- 
tirnes  only  as  a  fully  luminous  difk  ;  this  date  is 

1 

called  full  moon.  Soon  after,  the  difk  comes  to  ex¬ 
hibit  (fill  lefs  and  lefs  light,  till  at  length  there  is 
none  at  all  perceivable ;  this  laft  ftate  is  called  new 
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moon.  The  middle  ftate  between  both  thefe,  when 
the  half  difk  fhines,  is  called  quarter  moon ,  and  di¬ 
vided  into  firft  and  laft  quarters.  The  firft  arifes 
after  new  moon,  when  the  half  difk  fhines  weft- 
ward  ;  and  the  laft,  after  full  moon,  when  the  half 
difk  fhines  eaftward.  Alfo  $ ,  $>  and  $  appear  not  at 
a  1  times  with  difks  fully  luminous,  when  viewed 
through  telefcopes.  It  may  be  plainly  perceived, 
that  the  light  of  their  furfaces,  obverted  to  us,  now 
decreafes,  again  increafes.  In  England ,  Horrox , 
November  24,  1639,  firft  obferved  Venus  in  or  un¬ 
der  the  fun  as  a  dark  body.  This  phenomenon  we 
are  again  to  expedt  not  before  May  25,  1761.  Mer¬ 
cury  has  been  feveral  times  obferved  to  pafs  under 
the  fun  in  form  of  a  black  and  dark  fpot.  The  firft 
obfervation  was  made  by  Gajfendi ,  November  7, 
1631.  If  Jupiter  comes  into  fuch  a  fituation  be¬ 
tween  his  fatellites  and  the  fun,  as  that  a  right  line 
may  be  drawn  through  them,  him  and  the  fun,  his 
fatellites  become  invifible  for  a  while.  The  very 
fame  thing  befals  the  fatellites  of  Saturn ,  on  his  hav¬ 
ing  a  like  pofition  between  them  and  the  fun.  PI  ad 
Saturn  and  Jupiter  and  their  fatellites  on  the  furfaces, 
which  they  obvert  to  each  other,  a  proper  light ; 
neither  thofe  would  projedt  a  fhadow  on  thefe,  nor 
thefe  become  invifible  therein.  Plad  the  light,  we 
obferve  in  the  moon,  its  origin  from  no  other  ftar, 
but  herfelf,  the  furface,  which  flic  conftantly  turns 
to  us,  would  never  lofe  its  light.  The  very  fame 
thing  is  to  be  affirmed  of  the  light,  that  appears  on 
'  Q^2  '  the 
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the  furfaces  of  Mercury ,  Venus ,  and  Mars ,  obverted 
to  us*,  as  partly  gradually  decreafing,  partly  difap- 
pearing  quite  on  the  furfaces,  that  Mercury  and  Ve¬ 
nus  obvert  to  us,  at  the  time,  both  thefe  planets 
{land  under  the  fun. 

§,  563.  The  light,  the  planets  exhibit,  is  excited 
by  the  rays  of  the  fun.  When  the  moon,  after 
fun-fet,  is  feen  near  the  weitem  horizon  ;  we  only 
obferve  a  (tripe  or  Itreak  illuminated  on  her  furface. 
But  the  farther  (he  removes  from  the  fun,  a  larger 
part  becomes  vifible  to  us.  If  (lie  (lands  at  length,  in 
refpect  to  our  earth,  direbtly  oppofite  to  the  fun,  and 
thus  diftant  bv  half  the  heavens  from  him  *,  fhe  is 
full.  Now  if  (he  proceeds  farther,  the  light  of  the 
difk  is  ever  dimini  idling,  the  nearer  (he  approaches 
to  the  fun.  At  length  the  difk  lofes  its  light  quite, 
when  fhe  and  the  fun  may  be  feen  in  one  and  the 
fame  part  of  the  heavens.  But  that  very  furface, 
which  fhines  with  full  light,  when  in  oppofition  with 
the  fun,  comes  to  fail  of  light,  when  turned  away 
from  him,  as  between  it  and  the  fun  is  interpofed 
the  body  of  the  moon.  And  thus  the  light  of  this 
furface  is  caufed  by  the  fun5s  rays.  I11  like  man¬ 
ner,  that  part  only  which  their  furfaces  obvert  to 
the  fun,  is  enlightened  in  Mercury ,"  Venus  and  Mars . 
And  thus  in  the  fatellites  of  Jupiter  and  Saturn  that 
furface  becomes  darkened,  that  cannot  be  irradiated 
by  the  fun,  when  Jupiter  and  Saturn  with-hold  his 
rays.  Alfo  the  furface,  which  Jupiter  obverts  to 
the  fun,  has  its  light  from  the  fun.  For,  if  the  fa¬ 
tellites 
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tellites  of  Jupiter  Hand  between  him  and  the  fun, 
wecome  to  obferve  on  Jupiter's  furface  fmall  round 
fpots,  which  advance  progreffively  on  the  furface,  as 
the  fateilites  fhift  their  places.  Saturn  is  encom- 
pafied  about  with  a  ring,  but  without  being  faflened 
to  his  furface.  At  certain  times  we  may  fee  thro" 
between  Saturn  and  his  ring,  and  difcern  the  fixt 
liars.  The  breadth  of  the  ring  is  as  large  as  is  the 
diflance  of  its  inner  rim  from  the  furface  of  Saturn . 
This  ring  at  feme  times  projects  a  fhadow  on  the 
furface,  that  Saturn  oppofes  to  the  fun.  From  this 
it  appears,  that  the  ring  is  not  only  an  opake  body, 
but  alfo  that  the  furface  of  Saturn ,  ob  verted  to,  has 
its  light  from  the  fun.  The  ring  itfelf  is  enlighten- 
ed  only,  when  the  fun’s  rays  reach  it.  And  thus 
neither  its  inner,  nor  its  outer  rim  jliines  by  its  own 
peculiar  force  or  virtue.  In  what  manner  and  under 
what  forms  Saturn's  ring  exhibits  itfelf  to  the  eye, 
Mr.  profefTor  Heinfius  has  explained  in  his  Commen - 
tatio  de  apparentiis  annuli  Saturni ,  publifhed  at  Lip- 
ßck  in  1745. 

§.  564.  But  though  the  light  of  the  planets  is 
produced  by  the  fun’s  rays,  yet  it  confitls  not  in  re«* 
fledled  folar  rays ;  for  otherwife,  we  fhould  have 
feen  the  fun  on  the  furfaces  of  the  planets  (§.  290.) 
The  fun’s  rays  put  the  particles  of  the  planetary 
furfaces  into  a  tremor  or  vibration,  which  excites 
pulfes  in  the  aether,  from  whole  propagation  the  rays 
of  light  arife  (§.  291.) 

Q^3  C  H  A  P. 
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CHAP.  III. 

Of  the  Eclipses. 


§.  565.  A  HEAVENLY  body  is  eclipfed, 

when  deprived  of  light ;  if  between 
it  and  thofe  bodies,  by  whofe  force  it  fhines,  a  dark 
and  opake  body  interpofes  y  fo  Jupiter  and  Saturn 
eclipfe  their  fatellites. 

§.  566.  If  the  moon  comes  between  the  fun  and 
the  earth,  the  parts  of  the  earth’s  furface,  on  which  a 
right  line  may  be  drawn  through  the  moon  and  fun, 
are  deprived  of  the  fun’s  light.  This  covering  of 
the  fun  by  the  moon  is  ufually  called  a  folar  eclipfe , 
as  the  fun  appears  to  lofe  his  light.  But  properly  it 
is  an  eclipfe  of  the  earth.  And  thus  fuch  a  folar  eclipfe 
happens  at  new  moon  (§.  562. ),  and  is  therefore  na¬ 
tural  and  common.  On  the  day  our  Saviour  fuffer- 
ed,  the  fun  loft  its  light  at  full  moon ,  the  moon  be¬ 
ing  1800  diflant  from  him.  This  appearance  there¬ 
fore  was  no  ufual  and  natural  folar  eclipfe . 

§.  567.  The  fun  will  be  covered  to  a  part  of  the 
earth’s  furface  by  the  moon,  either  entirely,  or  only 
partially.  The  firft  is  called  a  total \  the  fecond,  a 
partial  folar  eclipfe .  The  total  arifes  in  thofe  places, 
over  which  the  lull  fhadow  of  the  moon  paffes  :  on 
the  contrary,  the  partial,  in  thofe  places,  on  which 
the  moon’s  penumbra  comes  (§,  300.  30 6).  A  par¬ 
tial  folar  eclipfe  is  now  greater,  again  lefs,  accord¬ 
ing  as  the  place,  over  which  the  penumbra  paffes, 

is 
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is  now  nearer  to,  again  farther  from  the  centre  of  the 
fhadow.  In  total  folar  eclipfes  we  fotnetimes  obferve 
a  bright  ring,  which  feems  to  go  round  the  cover¬ 
ed  fun  ;  but  fometimes  none.  The  reprefentation 
of  thefe  feveral  fpecies  Doppelmaief  s  Atlas  cceleftis  ex¬ 
hibits,  chart  13.  For  obferving  the  folar  eclipfe, 
which  July  25,  1748,  proved  annular  in  fome  places, 
M.  Lowiz  publifhed  beforehand  at  the  very  begin¬ 
ning  of  that  year  two  agronomical  charts  or  maps, 
with  an  explanation. 

§.  568.  The  full  moon  begins  to  be  eclipfed,  when 
the  earth  is  fo  pofited  between  her  and  the  fun,  that 
a  right  line  may  be  drawn  from  the  fun  through  the 
earth  to  the  moon.  Lunar  eclipfes  therefore  are 
caufed  by  the  fhadow,  which  the  earth  projects  on 
the  moon.  And  thus  if  the  earth’s  fhadow  touches 
the  entire  difk  of  the  moon  ;  the  lunar  eclipfe  is  to¬ 
tal  or  compleat.  But  be  only  a  part  of  the  moon’s 
difk  hit  by  the  fhadow  ;  it  is  partial. 

§.  569.  In  folar  eclipfes  the  weftern  limb  of  the 
fun  is  firft  covered,  and  alfo  firft  uncovered  again  : 
but  in  lunar  eclipfes,  the  fhadow  firft  touches 
the  eaftern  limb  of  the  moon,  and  alfo  firft  quits  it 
again.  A  lunar  eclipfe  is  vifible  at  once,  and  of 
equal  magnitude,  in  all  places  of  the  earth’s  furface, 
fo  the  moon  at  the  time  of  the  eclipfe  appear  above 
the  horizon  of  thefe  places.  The  reafon  is,  that 
the  earth  fuffers  not  the  fun’s  rays  to  tall  on  the 
moon’s  furface,  ftanding  oppofite  to  thefe  places  of 
the  earth’s  furface.  But  though  two  places,  of 
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which  one  lies  more  wefterly,  obferve  a  lunar  eclipfe 
at  the  fame  inftant ;  yet  both  reckon  not  their  hours 
the  fame.  For  inftance,  February  22,  1701,  the  lu¬ 
nar  eclipfe  happened  at  Paris  about  10  h,  15'  23^ 
and  at  Berlin  about  10  h.  59'  36'.  This  difference 
amounts  to  44  13".  The  reafon  for  this  is  to  be 
fought  for  in  the  point  of  time,  from  which  any  one 
begins  to  reckon  the  hours.  This  beginning  of 
reckoning  is  made,  when  the  fun  appears  in  the  me¬ 
ridian.  But  he  comes  into  it  at  one  place,  which 
lies  more  eafterly,  fooner  than  at  another,  thatdies 

v 

more  wefterly.  For  inftance,  at  Berlin ,  which  lies 
more  eafterly  than  Paris ,  it  is  44'  1 3"  fooner  noon 
there  than  at  Paris .  But  the  time  being  confidered 
in  the  general  or  abftradt,  without  regarding  the 
number  of  the  hours ;  the  moon  was  eclipfed  at  the 
very  fame  point  of  time,  both  at  Berlin ,  and  at 
Paris .  But  in  this  point  of  time  they  reckoned  at 
Berlin  10  h.  59'  36",  and  at  Paris  10  h.  15'  23". 
A  folar  eclipfe  happens  at  a  place,  that  lies  more 
wefterly,  fooner  than  at  another,  that  lies  more  eafter¬ 
ly.  For  inftance,  at  Paris  in  1706,  the  fun  loft  his 
light  above  44  fooner  than  at  Berlin ;  and  at  Ma¬ 
drid^  which  lies  more  wefterly  than  Paris ,  almoft 
23'  fooner  than  at  Paris .  The  reafon  of  which  is, 
that  the  lunar  fhadow  is  not  fo  big,  as  compleatly 
to  cover  the  half  furface  of  the  earth,  towards  which 
the  folar  rays  take  their  way  •,  as  baron  Wolfius  fhews 
this  in  his  Element  a  Jfironcmite,  §.  1033. 
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§.  570.  In  fome  lunar  eclipfes,  the  moon,  in  a 
dear  fky,  in  which  the  fmalleft  fixt  ftar  is  perfectly 
well  diftinguilhable,  has  become  entirely  invifible  *, 
blit  in  fome  again,  Hill  continued  vifible.  So  April 
14,  1642,  the  moon  in  her  total  eclipfe  was  not  to 
be  feen  at  Bologna ,  and  in  feveral  places  in  Holland . 
On  the  contrary,  at  Venice  and  Vienna  fhe  was  per- 
fe.dtly  well  diftinguilhable.  At  Venice  fhe  appeared 
quite  red.  The  moon  in  the  total  eclipfe  of  Decem¬ 
ber  23,  1703?  appeared  at  Arles  of  a  dark  red  and  a 
brown  ;  but  at  Avignon  of  a  bright  red  ;  as  to  the 
eye,  to  feem  as  if  the  fun  fhone  through  her  from 
the  other  fide.  But  at  Marfeilles  fhe  appeared  red- 
difh  to  the  north- weft,  and  quite  dark  to  the  fouth- 
eaft,  and  difappeared  entirely  in  a  quite  clear  fky. 
Baron  Wolfius ,  from  credible  authors,  relates  thefe 
phenomena  in  his  German  elements  of  aflronomy% 
§.  267.  The  origin  of  the  light  and  colours,  which 
are  fometimes  to  be  obferved  in  the  moon,  when 
compleatly  covered  by  the  fhadow  of  the  earth,  is 
to  be  fought  for  in  the  refraction,  which  the  folar 
rays,  palling  along  the  earth,  undergo.  And  thus 
thefe  refradted  rays  pafs  to  and  fro  through  the 
earth’s  fhadow,  and  produce  on  the  moon’s  furface 
a  light,  which  is  different  according  to  the  diffe¬ 
rent  degrees  of  the  refradtion. 
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CHAP.  IV. 

Of  the  Nature  of  the  Planets. 

§.  57 i.  T  N  the  moon  and  in  Venus  there  are  moun- 
JL  tains.  For,  if  only  a  part  of  their  fur- 
faces,  obverted  to  us,  is  enlightened  ;  without  the 
limits  of  the  light  here  and  there  fome  bright  places 
appear.  Thefe  therefore  mu  ft  projedt  over  the 
other  places  in  the  unenlightened  part.  Galileo 
plainly  obferved  the  fhadow  of  the  lunar  moun¬ 
tains. 

§.  572.  On  the  enlightened  furface  of  the  moon 
fome  parts  are  diftinguilhable  from  the  others  by  a 
certain  degree  of  darknefs.  In  thefe  fpots  appear 
here  and  there  fmall  bright-fhining  parts.  The 
fpots  themfelves  have  for  a  long  time  been 
taken  for  feas  \  and  the  bright  parts,  which  appear 
in  them,  for  iflands.  Hevelius  delineated  the 
appearance  of  the  moon  at  full.  Riccioli  on  the  con¬ 
trary,  at  the  decreafe  and  increafe  from  her  flripes 
or  flreaks,  and  from  thefe  put  her  appearance  or 

form  together.  On  the  lunar  chart  of  Hevelius  the 

\  0  • , * 

feveral  regions,  mountains,  feas,  rivers,  and  iflands 
have  names  affigned  them  from  the  like  parts  on  the 
earth’s  furface.  But  Riccioli  on  his  lunar  chart  has 
diftinguifhed  the  feveral  parts  of  the  moon’s  furface 
by  the  names  of  celebrated  aftronomers.  Both  charts 
are  to  be  met  with  in  Doppelmaier  s  Atlas  cceleflis . 
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The  fpots,  which  at  Arft  were  taken  for  rivers  and 
feas,  are  properly  cavities  or  deep  caverns,  whofe  bot¬ 
tom  naturally  appears  darker ;  as  Galileo  firfl,  and  after 
him  de  la  Hire ,  difcovered.  In  de  la  Hire’s  reflections 
on  the  appearance  or  form  of  the  lunar  body,  which 
are  to  be  feen  in  the  memoires  of  the  royal 
academy  of  fciences  for  the  year  1706,  the  fol¬ 
lowing  important  remarks  are  alledged.  When 
the  fun  dire&y  enlightens  the  lunar  mountains  and 
cavities,  they  come  to  be  fcarce  diflinguifhable. 
Many  difappear  quite;  and  many  fhining  parts 
come  to  view,  which  before  did  not.  For  inflance, 
at  full  moon  large  bright  rays  are  feen  round  the 
cavity  or  fpot  Tycho ,  which  appear  not  on  the  moun¬ 
tains  and  fpots,  over  which  they  proceed,  when  thefe 
parts  are  enlightened  from  one  fide,  and  ftand  at  the 
rim  or  edge  of  the  fhadow.  The  very  fame  fpot, 
that  appears  very  bright,  when  enlightened  from 
before,  is  only  a  fmall  cavity  with  a  mountain  in 
the  middle,  not  diflinguifhable  from  innumerable 
others  around  it.  The  fmall  fpot  Ariftarchus ,  fo 
bright,  as  by  fome  to  be  taken  for  a  volcano,  is  on¬ 
ly  a  fmall  cavity,  diflinguifhable  from  others  around 
it,  when  it  comes  to  fland  at  the  edge  of  the  fhadow. 
It  cannot  be  well  affirmed,  that  all  thefe  bright 
parts  are  fpecies  of  phofphori>  that  kindle  on  being 
enlightened  direCtly  by  the  fun  ;  and  come  to  be 
without  light,  when  the  fun  enlightens  them  acrofs 
or  from  one  fide.  For,  they  have  the  very  fame 
effeCt  in  the  dark,  when  the  moon  is  only  enlighten¬ 
ed 
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ed  by  the  rays,  which  come  to  her  from  the  earth. 
We  are  rather  to  feek  for  the  caufe  in  the  figure  of 
thefe  parts  and  in  the  refle&ion  of  the  folar  rays. 
For,  the  fun  meeting  in  thefe  parts  with  a  fpecies  of 
concave  fpecula,  not  perfectly  even  or  polifhed, 
but  in  furface  very  white,  the  eye  is  affedted  by 
them,  as  by  a  true  light.  Were  thefe  concave 
ipecula  fmooth,  we  fhouid  come  to  obferve  in  them 
only  a  fmall  bright  point.  The  cavity  muff  appear 
quite  bright,  when  enlightened  diredtly  by  the  fun. 
But  the  folar  rays  coming  from  one  fide,  this  light 
mud  gradually  decreafe  ;  and  they  can  now  no  longer 
be  reflected  to  the  eye.  To  this  add,  that  the  fhadow 
of  the  edge  of  the  cavity  falls  into  the  cavity  itfelf, 
and  darkens  it.  With  refpedt  to  the  bright  rays, 
going  forth  from  the  fpot  Tychoy  the  cafe  is  different. 
When  many  eminences  and  cavities,  in  a  certain  af- 
pedt  to  the  fun,  are  made  equally  bright ;  moun¬ 
tains  and  cavities  appear  no  longer  feparated  afunder 
and  interrupted.  And  hence  it  comes  that  the  ap¬ 
parent  form  of  the  full  moon  differs  fo  very  much 
from  her  real  form.  And  that  too  is  the  caufe  of 
the  fhine  or  light  of  the  rays  of  Tycho.  Be  la  Hire 
fays,  that  the  body  of  the  moon  refembled  a  demi- 
relievo  in  fculpture,  whofe  parts  were  plainly  diftin- 
guifhable,  on  the  light  failing  from  one  fide  there¬ 
on  $  but  whofe  figure  at  the  fame  time  was  fcarce 
diftinguifhable  at  a  moderate  diftance,  on  the  fun’s 
fhining  diredfly  thereon.  With  this  view,  in  order 
to  be  affured  thereof  by  experience,  de  la  Hire  caufed 
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to  form  in  relievo  a  fmall  part  of  fome  fpot  on  the 
moon’s  furface ;  and  in  the  different  pofitions,  in 
which  he  expofed  it  to  the  fun,  he  found,  that  it 
had  almoft  the  very  fame  appearance  with  the  repre- 
fented  part  of  the  moon. 

Since  the  time  that  telefcopes  have  been  invented, 
no  obfervations  have  been  difcovered  in  the  moon’s 
body,  like  what  our  earth  at  fome  times  undergoes. 
Did  fuch  alterations  happen  on  her  furface,  they 
could  not  fail  of  being  obferved.  For,  fuppofing 
the  city  of  Paris  flood  on  the  middle  of  the  lunar 
difk  ;  through  a  telefcope  of  25  feet  focal  diftancCj 
it  would  appear  to  us  from  the  earth  as  large,  as 
what  is  called  the  Mare  crifium ,  appears  on  the 
moon’s  difk  to  the  naked  eye.  M.  de  la  Eire 
proves  it  as  follows:  every  body  is  feen  under  x  cer¬ 
tain  angle  (§.  193).  But  one  and  the  fame  body 
appears  under  one  and  the  fame  angle,  be  it  viewed 
either  in  the  moon  from  the  earth,  or  on  the  earth 
from  the  moon.  For,  the  diflance  of  the  body 
from  the  eye  is  in  both  cafes  one  and  the  fame. 
Now  Paris  takes  up  on  the  earth  a  (pace  of  two 
minutes.  The  fine  of  2'  is  to  the  radius  or  fe mi- 
diameter,  as  58  T|  is  to  100000.  We  will  afiume 
it,  as  60  to  100000,  or  as  6  to  10000,  or  as  3  to 
5000.  If  we  view  this  part  3  of  the  moon  through 
a  glafs,  which  magnifies  an  objedt  100  times;  it 
will  appear  under  an  angle  100  times  greater.  And 
thus  if  Paris^  as  Handing  on  the  middle  of  the 
earth,  was  viewed  through  fuch  a  telefcope  from  the 
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moon,  it  would  in  appearance  be  to  the  femidia- 
[  meter  of  the  earth,  as  300  to  5000,  or  as  3  to  50. 
And  now  afliiming  the  diameter  of  the  moon  half 
as  big  as  the  femidiameter  of  the  earth,  and  that 
Paris  was  tranflated  to  the  middle  of  the  moon’s  bo¬ 
dy  ;  it  would  there  have  in  length  the  proportion 
to  the  moon’s  diameter,  that  3  has  to  25.  Now 
3  is  an  eighth  part  of  25  nearly.  And  thus  Paris 
would  appear  in  length  almoft  as  big  as  the  eighth 
part  of  the  moon’s  diameter :  but  fo  large  is  the 
Mare  crifium .  And  thus  if  Paris  hood  on  the  middle 
of  the  moon’s  difk,  it  would  appear  from  the  earth 
through  a  telefcope  of  25  feet  as  large  as  the  Mare 
crifium  does  to  the  naked  eye. 

§.  573.  Round  the  moon  is  an  atmofphere,  or  a 
fluid  matter,  in  which  the  incident  rays  of  the  fun 
are  refrafled.  This  atmofphere  the  chevalier  Lou- 
ville  afcribes  to  the  moon,  as  having  in  London  on 
May  3,  1715,  N.  S.  obferved  along  with  Dr.  Halley , 
in  the  total  eclipfe  of  the  fun,  a  bright  circle  or  ring 
about  the  moon.  This  obfervation  is  defcribed 
in  the  memoires  of  the  royal  academy  for 
the  year  1715.  The  principal  proof  he  adduces 
therein,  in  favour  of  the  moon’s  atmofphere,  con- 
fiils  in  the  following  particulars.  The  apparent 
diameter  of  the  moon  at  the  time  of  the  eclipfe  was 
=  33'  28",  or  2Cq8";  and  the  apparent  diameter  of 
the  fun  ===  31'  54'',  or  1914.  And  thus  the  ap¬ 
parent  diameter  ot  the  moon  exceeded  that  of  the 
fun  about  94' ,  Now  allowing  the  moon’s  difk  12 
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equal  parts,  called  digits,  fuch  a  digit  contained  at 
that  time  167'.  And  thus  the  apparent  diameter 
of  the  moon  exceeded  the  apparent  diameter  of  the 
fun  at  the  very  fame  time  about  fomething  more 
than  half  a  digit.  The  breadth  of  the  ring  amounted 
to  a  digit  of  the  moon’s  difk.  At  the  beginning  of 
the  total  eclipfe,  or  entire  veiling  of  the  fun,  the 
weftern  limb  of  the  moon  projected  more  than  half 
a  digit  beyond  the  weftern  limb  of  the  fun ;  fo  that 
the  bright  circle  fhould  have  been  covered  by  the 
moon’s  limb  on  the  weft  fide  above  half.  But  it 
was  not  covered  at  all.  At  the  end  of  the  total 
eclipfe  the  ring  or  circle  on  the  eaft  ftde  fhould  in 
like  manner  have  been  covered  above  half.  But 
here  too  the  contrary  was  obferved.  The  chevalier 
Louville  writes,  that  he  rather  obferved,  that  the 
ring  at  the  beginning, middle  and  end  of  the  eclipfe* 
was  exactly  concentrick  with  the  moon  ;  and  hence 
concludes,  that  this  circle  followed  the  motion  of 
the  moon  and  not  of  the  fun.  And  thus  the  ring 
is  produced  by  the  atmofphere  of  the  moon  refract¬ 
ing  the  rays  of  light  incident  on  it,  and  thereby 
conveying  them  to  the  fpedlator’s  eye  on  the  earth. 
It  is  true  it  was  not  every  v/here  equally  bright.  But 
the  interruption  of  this  light  Louville  aferibes  to  the 
mountains  of  the  mooninterceptingthefollowingrays. 

Mr.  profeflor  Euler ,  by  the  obfervations  he 
mad tjuly  25,  1748,  at  Berlin ,  on  the  annular  eclipfe 
of  the  fun,  has  in  the  Memoires  de  racademie  royale  des 

fciences  et  belles  lettres  for  the  ye  748,  p.  103. 
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feq.  (hewn  anew,  and  in  a  diftindt  manner,  the  moon5* 
atmofphere.  Fig.  3.  plate  vnr.  exhibits  the  lunar 
and  Tolar  difks  with  the  ring.  A  Z  B  N  is  the  fun’s 
difk,  Z  N  his  vertical  line  drawn  through  the  verti¬ 
cal  point  Z  and  the  oppofite  point  N,  and  A  B  his 
horizontal  line,  whofe  extremity  A  denotes  eaft ; 
and  B,  weft :  azb  n  is  the  moon’s  difk.  The  right 
line  E  F,  palling  through  the  points  C  and  r,  as  the 
centres  of  the  fun  and  moon,  appeared  to  be  diftant 
from  the  vertical  line  Z  N  under  an  angle  of  about 
40°.  The  greateft  breadth  of  the  ring  was  F/;  the 
leaft,  E  r,  and  equal  to  the  fourth  part  of  the  greateft 
F/ nearly.  The  apparent  femidiameter  of  the  fun 
was  at  that  time  =  952  ,  and  the  apparent  femi¬ 
diameter  of  the  moon  =  898  \  The  leaft  diftance 
of  the  fun’s  centre  C  from  the  moon’s  centre  c 
amounted  to  about  53  .  We  will  prefuppofe,  that 
the  fun’s  difk  underwent  no  apparent  amplification 
in  the  part  F /,  where  the  ring  was  broadeft.  And 
befides,  thefe  amplifications  were  only  obferved  in  the 
places,  where  the  limbs  of  the  fun  and  moon  came 
neareft  in  contadl  to  each  other.  So  that  C  F  = 
952',  c f  =s  898",  and  Cc  =  53',  and  confequent- 
lyc  /  =  845  ,  and  therefore  the  greateft  breadth 
F  /"of  the  ring  was  =  107  .  Now  had  the  fun’s 
difk,  with  refpedl  to  the  leaft  breadth  of  the  ring  in 
the  part  E  e%  undergone  no  apparent  amplification  ; 
the  leaft  breadth  E  e  had  been  1 For,  C  E,  the 
apparent  femidiameter  of  the  fun’s  difk,  is  3=  C  F, 
and  confequently  =  952'",  and  c  ey  the  apparent 
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femidiameter  of  the  moon’s  difk,  is  =  cf,  and  con- 
fequently  —  898  .  Now  C  c  is  =n  53".  And  thus 
if  c  e  and  C  c  are  added  together,  C  e  is  =  9^  1 
And  if  C  9  =  95 17,  be  fubtradled  from  C  E  n 
952  ',  there  remains  1  .  This  therefore  fhould  be 

the  leaft  breadth  of  the  ring  in  the  part  E  e.  But  it 
appeared  as  large  as  the  fourth  of  the  greateft  breadth 
Ff ;  and  was  therefore  =  2  6\  the  fourth  of  107. 
Now  if  from  the  number  26  you  dedudt  a  fecond,  E  e 
is  =  25'.  And  thus  the  fun^s  diflc,  in  the  places 
where  his  limb  and  that  of  the  moon  had  touched 
each  other  the  clofeft,  appeared  larger  and  more 
amplified.  If  from  the  outmoft  limb  of  the  fun  A 
fig.  4.  plate  viii.  the  ray  A  T  raked  along  the  point 
M  of  the  moon  :  in  that  cafe  the  fpedtator  on 
the  earth  at  T,  to  whofe  eye  the  ray  came  from  A, 
fhould  have  feen  the  limb  A  along  the  line  T  A, 
and  confequently  at  the  limb  of  the  moon.  But  the 
fpedlator  faw  the  fun’s  limb  along  the  line  T  a,  and 
confequently  the  point  A  in  a.  The  angle  A  T  a 
amounted  to  25".  And  thus  by  fo  much  was  the 
apparent  place  a  diftant  from  the  true  place  A  of  the 
fun’s  limb.  Now  whence  has  this  difference  arifen  ? 
and  why  appeared  the  outmoft  limb  of  the  fun, 
not  in  A  but  in  a  ?  It  might  be  furmifed,  that  at 
the  time  the  moon  flood  under  the  fun,  her  diameter 
appeared  lefs  than  it  would,  if  viewed  in  another 
place.  But  M.  Euler  intimates,  that  all  the  time 
of  the  eclipfe,  the  moon’s  diameter  was  meafured, 
and  no  apparent  diminution  obfervech  The  caufe 
Vol.  II.  R  of 
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of  the  apparent  amplification  of  the  fun’s  difk,  or  of 
the  bright  ring  round  the  fun  or  moon,  is  therefore 
to  be  fought  for  in  a  refraction,  which  the  fun’s  rays 
underwent  at  the  furface  of  the  moon.  And  thus 
a  fluid  matter,  denfer  than  the  aether  (§.  164.)  muff 
needs  encompafs  the  moon,  out  of  which  the  rays  of 
the  fun  pafs  to  the  moon. 

As  the  breadth  of  the  fun’s  ring  was  enlarged  or 
amplified  about  25  only  by  the  refradion  of  the 
moon’s  atmofphere ;  the  air  of  the  moon  muft  be 
uncommonly  rare.  Mr.  profefibr  Euler  rates  it 
at  200  times  rarer  than  the  air  of  our  earth.  For,  if 
a  ftar  appears  at  the  horizon,  it  feems  to  be  elevated 
above  it  by  the  refradion  upwards  of  half  a  degree 
(§.  188).  If  therefore  the  lunar  atmofphere  was  fo 
denfe,  as  the  terreftrial,  a  ftar  at  the  moon’s  limb 
would  appear  cliftant  from  her  above  a  whole  degree. 
For,  a  ray,  palling  from  a  ftar  along  the  earth’s  ho¬ 
rizon  to  the  eye,  is  refraded  only  once,  as  it  goes 
barely  out  of  the  tether,  as  a  rarer  matter,  into  the 
air  of  the  earth,  as  a  denfer  fubftance,  and  in  this 
very  air  of  the  earth  comes  to  the  eye.  But  a  ray, 
pafling  from  a  ftar  along  the  moon’s  limb,  and  to 
the  earth  to  the  eye  of  a  fpedator,  is  refraded  twice, 
before  it  comes  into  the  earth’s  atmofphere :  once, 
on  going  out  of  the  tether,  as  a  rarer  matter,  un¬ 
to  the  lunar  air  *,  and  a  fecond  time,  on  pafling  again 
out  oi  the  lunar  air,  as  *  a  denfer  matter,  into  the 
sether  towards  the  earth  (§.  164).  So  that  the  point 
a  fig.  4.  plate  vni.  to  which  the  image  of  a  ftar  is 
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by  the  refraction  of  the  lunar  air  conveyed,  fhould  be 
above  a  degree  diftant  from  the  true  place  A,  where 
the  liar  really  is.  But  this  diftance  in  the  fun’s  an¬ 
nular  eclipfe  of  July  25,  1748,  was  only  25'V  M. 
Euler  in  general  fees  fuch  an  apparent  diftance  only 
at  2  o  '.  But  20"  are  to  a  degree,  or  3600  ',  as  1  to 
180.  And  thus  this  extreme  rarity  may  be  the  rea- 
fon,  why  no  obfervable  vapours  a  rife  therein.  But 
poftibly  too  the  matter  of  the  moon  is  fo  firm  and 
dry,  as  to  be  incapable  of  evaporating. 

The  younger  M.  de  Vlfle  would  derive  the  bright 
circle,  which  Louville  obferved  May  3,  1715,  in  the 
folar  eclipfe,  not  from  the  refraCtion,  but  from  the 
inflection  of  the  folar  rays  (§.  184).  He  cut  a  circle 
out  of  a  plate  of  lead,  and  held  it  dire&ly  oppofite 
£0  a  bright  cone  of  the  fun,  which  he  tranfmitted 
through  a  fmall  hole  into  a  perfectly  dark  room,  fo 
as  to  cover  the  entire  image  of  the  fun,  and  (land 
diftant  before  it.  Then  he  viewed  this  artificial  fo¬ 
lar  eclipfe  on  a  white  paper  behind  the  round  plate, 
and  very  diftinCtly  faw  the  fhadow  of  the  circle  on 
the  paper,  but  encompafled  round  with  a  well-de¬ 
fined  bright  ring,  fuch  as  Louville  had  feen  round  the 
fun.  But  this  appearance  in  no  manner  dailies  with 
a  lunar  atmofphere.  What  is  called  an  inflection  is 
properly  a  refraCtion.  Round  the  lead  orb  or  circle 
there  is  not  barely  air,  fuch  as  is  found  before  and 
behind  it  *,  but  alfo  eleCtrical  matter  (§.  241,  242), 
which,  together  with  the  air  round  the  lead  circle, 
conflitutes  a  fluid  fubftance,  that  is  denfer  than  the 
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air  before  and  behind  this  circle.  And  if  the  trrref- 
trial.  air  is  every  where  mixed  up  with  eledlrical 
matter,  it  is  far  denfer  at  the  furface  of  the  metal, 
than  in  the  bare  air. 

§.  574.  In  Venus ,  Mars ,  and  Jupiter  there  often 
appear  different  fpots,  on  viewing  thefe  planets 
through  a  telefcope  Under  the  appellation,  fpots , 
are  underftcod  all  the  parts  of  the  vifible  hifk  of  a 
planet,  that  diftinguifh  themfelves  from  the  other 
parts,  either  by  a  greater  degree  of  darknefs,  or  by 
a  greater  degree  of  bnghtnefs.  So  M.  Maraldi ,  in 
1719,  obferved  a  bright  fpot  in  the  fouth  pole  of 
Mars .  Formerly  too  fuch  a  bright  fpot  was  feen 
at  the  north  pole  of  Mars.  The  remarks  there¬ 
on  are  contained  in  the  Memoires  of  the  academy 
cf  Paris.  In  Mars  and  Jupiter  there  are  fpots, 
that  extend  like  ftripes  or  fafcia  over  the  difks  of 
thefe  planets.  M.  CaJJini ,  in  1699,  obferved  in  the 
centre  of  Mars  on  a  {lender  ftripe  or  belt  a  dark 
fpot,  whofe  length  was  equal  to  a  fixth  of  Jupiter' s 
femidiameter,  and  breadth,  to  its  half  length  ;  at  the 
fame  time  he  befides  obferved  more  fpots  and 
ftripes.  His  obfervation  is  exhibited  in  the  Me¬ 
moir  es  of  the  academy  for  the  year  1699,  with  a 
defc option  of  the  return  of  an  old  fpot  of  Jupiter *  and 
the  obfervation  of  a  large  fpot  in  Ins  fourth  fateilite. 
In  the  hi  (lory  given,  in  of  the  above  Memoires 
of  1699,  of  the  fpots,  Maraldi  had  obferved  in 
Mars ,  it  is  concluded  from  their  alterations,  that 
great  changes  happen  on  this  planet.  And  in  the 
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hi Hory,  which  precedes  Coffin? s  observation  of 
three  new  fpots  in  Jupiter ,  the  alterations  of  his 
•  fpots  and  belts,  which  now  turn  broad,  again 
narrow ;  again  Separate,  and  again  come  together, 
are  deemed  more  important,  than  if  the  ocean  over¬ 
flowed  the  whole  firm  land  of  our  ball,  and  laid 
bare,  where  it  had  flood  before,  new  land  *.  The 
earth,  it  is  at  length  added,  muft,  in  comparifon 
ol  Jupiter ,  enjoy  a  great  degree  of  tranquillity,  and 
ftand  tree  from  natural  alterations.  From  March  25 
to  the  end  of  April  1715,  Cafftni  obferved  on  Sa¬ 
turn's  difk  three  dark,  Straight,  and  parallel  ftripes  j 
the  middlemoft  was  the  fhadow  of  his  ring.  As  the 
other  two  were  tranfitory,  Cafftni  held  them  for  large 
clouds  contained  in  Saturn's  atmofphere.  Both  his, 
and  Maraldi's  observations  and  refle&ions  on  thefe 
ftripes  or  belts  of  Saturn ,  are  contained  in  the  Me¬ 
moir  es  of  the  academy  of  fciences  at  Paris,  for  the 
year  1715« 

I  '  CHAP.  V. 

Of  the  apparent  Motions  of  the  Planets. 

§.  575.  r~gp  H  E  moon  and  the  primary  planets, 

JL  like  the  fun,  appear  not  only  to  move 
from  eaft  to  weft  round  the  earth  in  24  hours,  but 
alfo  at  certain  times  from  weft  to  eaft.  The  former 
is  called  the  common ,  and  the  latter  the  proper  mo - 

*  Whether  thefe  alterations  may  not  be  apparent,  and  ow¬ 
ing  to  the  different  pofitions  of  the  belts  to  the  eye  ? 

R  3 
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tion.  The  proper  motion,  as  in  the  cafe  of  the  fun, 
is  hence  difcovered,  that  in  fome  time,  after  he  has 
been  feen  at  certain  flars,  he  is  obferved  to  be  at 
ether  flars,  which,  at  the  time  of  obferving  him  at 
the  former,  flood  more  eaflerly. 

§  576.  In  the  proper  motion  the  primary  planets 
and  the  moon  appear  now  to  afeend  above  the  eclip- 
tick  more  towards  the  north  pole ;  again,  to  defeend 
under  the  ecliptick  more  to  the  fouth  pole.  The 
diflance  from  the  ecliptick  north  and  fouth  amounts 
to  about  t.en  degrees.  At  this  diftance  to  north  and 
fouth  a  circle  is  drawn.  Both  circles  are  parallel  to 
the  equator,  and  called  circles  of  excurfion ,  and  in¬ 
clude  a  fpace,  called  the  zodiack  ;  which,  like  the 
ecliptick,  is  divided  into  twelve  figns,  and  that  by 
circles,  that  are  drawn  through  the  poles  of  the 
ecliptick,  and  the  beginning  of  each  fign. 

§.  577.  As  we  reprefent  to  ourfelves  the  ecliptick 
on  the  outmofl  flirface  of  the  fphere  of  the  v/orld, 
we  may  there  alfo  imagine  the  curve  line,  which  the 
centre  of  a  planet  in  its  motion  appears  to  deferibe, 
or  its  path  to  be.  The  points  of  the  ecliptick,  in 
which  it  is  interfeded  by  this  elongating  or  deviat¬ 
ing  path  of  a  planet,  is  called  the  nodes ;  and  the 
one  the  afending  Q,  from  which  the  planet  afends 
above  the  ecliptick  to  the  northern  figns  ;  and  the 
other  the  defending  IS,  from  which  the  planet  goes 
out  of  the  ecliptick  to  the  fouthern  figns. 

§.  578.  It  two  flars  are  feen  in  one  and  the  fame 
place  of  the  heavens  ;  this  afped  is  called  their  con- 
junction.  But  if  diftant  alunder  by  the  half  of  the 

heavens. 


247 


Of  SOLID  BODIES. 

heavens,  or  180  degrees;  this  appearance  is  called 
their  oppofition . 

§.  579.  The  moon,  Saturn ,  Jupiter ,  and  Aforj 
remove  at  certain  times  from  the  fun  quite  to  the 
oppofition ;  whereas  Venus  not  above  47°,  and 
Mercury  not  above  28°.  The  conjunction  of  Venus 
and  Mercury  happens  at  one  time  above  ;  at  an¬ 
other,  under  the  fun.  For,  in  one  conjunction  they 
have  no  light ;  and  then  they  are  under  the  fun 
(§.  562).  In  the  other  conjunction  they  are  full ; 
and  thus  in  that  cafe  they  are  above  the  fun. 

§.  580.  The  moon,  in  order  to  be  eclipfed  by  the 
earth,  mud  be  in  oppofition  to  the  fun,  and  either 
in  the  node,  or  fo  near  it,  that  the  moon’s  latitude 
is  lels  than  the  fum  of  her  apparent  femidiameter  and 
thefemidiameterof  the  earth’s  fhadow.  For,  the  moon 
is  only  eclipfed  when  at  full  (§.  568),  and  confe- 
quently  diftant  by  half  the  heavens  from  the  fun 
(§.  563).  This  is  called  her  oppofition  (§.  578). 
The  earth’s  fhadow,  by  which  the  moon  is  eclipfed, 
projects  or  falls  oppofite  to  the  fun,  that  is,  at  a 
place,  diftant  1800  from  him.  But  the  fun  is  in 
the  ecliptick  (556).  And  thus  the  earth’s  fhadow 
falls  to  the  place  of  the  ecliptick,  that  is  diftant  1800 
from  the  fun  ;  fo  that  the  moon  muft  needs  be 
eclipfed,  when  her  centre  falls  into  the  faici  point. 
But  then  the  moon  is  in  the  node  (§.  577)*  For  in- 
ftance,  in  N,  fig.  5.  plate  vm.  where  the  moon’s 
path  F  O  and  the  ecliptick  R  R  mutually  interfedh 
As  the  earth’s  fhadow  is  a  circle,  one  femidiameter 

R  4  thereof 
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thereof  extends  fouthwards  j  the  other,  northwards. 
Now  if  the  centre  of  the  moon  be  without  the  node 
,  for  inftance, .  at  I  or  G  ;  but  fo  near  the  node,  as 
that  her  femidiameter  may  be  touched  by  the  femi- 
diameter  of  the  earth’s  fhadow  ^  die  will  be  alfo 
dlipfed  without  the  node.  And  thus  the  diftance 
of  the  moon  from  the  ecliptick,  or  her  latitude  (§. 
558),  is  lefs  than  the  fum  of  her  apparent  femidia¬ 
meter,  and  of  the  femidiameter  of  the  earth’s  fha- 
dow.  For,  the  latitude  of  the  moon  is  the  diftance 
of  her  centre  from  the  ecliptick.  Now  if  the  fha- 
dow  be  within,  and  the  moon  without  it ;  the  lati¬ 
tude  of  the  oppofite  moon  is  the  diftance  of  her 
centre  from  the  centre  of  the  earth’s  fhadow,  as  of 
a  circle.  If  the  diftance  of  the  two  centres  of  the 
two  circles  is  greater  than  the  fum  cf  both  their  fe- 
midiameters ;  neither  can  touch  either  ;  as  for  in- 
fcance,  F  and  A. 

/ 

§.  581.  The  moon,  in  order  to  cover  the  fun  from 
the  earth,  muft  be  in  conjundion  with  the  fun,  and 
be  either  in  the  node,  or  fo  near  it,  that  her  lati¬ 
tude,  as  it  appears  from  the  earth,  is  lefs  than  the 
fum  of  the  apparent  femidiameters  of  the  moon  and 
fun.  For,  the  fun  can  only  be  eclipfed  or  covered, 
when  the  moon  ftands  between  him  and  the  earth 
(§.  566).  But  ftie  is  then  in  conjunction  (§.  577) ; 
which  happens  either  in  the  node,  where  the  moon’s 
path  interfeds  the  ecliptick  (§.  577),  or  near  the 
node.  If  the  moon  is  in  the  node,  along  the  line, 
which  may  be  drawn  from  the  centre  cf  the  fun 

through 
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through  the  centre  of  the  moon,  no  light  of  the  fun, 
on  account  of  the  moon’s  opacity,  can  reach  that 
part  of  the  earth’s  furface,  to  which  the  laid  line 
may  be  drawn.  If  the  moon  is  without  the  node  ; 
but  fo  diftant  from  the  ecliptick,  that  her  latitude  is 
greater  than  the  fum  of  her  apparent  femidiameter, 
and  of  the  apparent  femidiameter  of  the  fun  ^  the 
limb  of  the  moon,  by  the  propofition,  which  was 
advanced  at  the  clofe  of  the  foregoing  fediion,  cannot 
touch  or  cover  the  limb  of  the  fun.  The  moon 
therefore,  in  order,  without  the  node,  to  cover  the 
limb  of  the  fun,  muß;  have  her  latitude  lefs  than  the 
fum  of  the  faid  femidiameters. 

§.  582.  The  five  primary  planets  appear  only  for 
fome  time  to  move  in  the  zodiack  in  the  order  of 
the  figns  from  weft  to  eaft  ;  but  at  other  times  to 
move  retrograde  to  the  figns,  from  wdiich  they  were 
come  ;  fometimes  alfo  to  ftand  ftill.  Saturn ,  Jupi- 
ter ,  and  Mars  againft  the  time  of  their  oppofi- 
tion  to  the  fun  ;  and  Venus  and  Mercury  againft  the 
time  of  their  conjundlion  under  him,  are  retrograde. 
In  the  retrogradation  Jupiter  defcribes  a  greater  arch 
than  Saturn  ;  and  Mars ,  a  greater  than  Jupiter . 
The  arch  of  Mars  retrograde  is  nearly  12  ;  of  Ju¬ 
piter  retrograde  only  10,  and  of  Saturn  retrograde 
only  7  degrees.  But  yet  Mars  takes  only  73  ;  but 
Jupiter ,  120  ;  and  Saturn ,  140  days  to  the  retrogra¬ 
dation.  The  fun  and  the  moon  appear  neither  to  ftand 
ftill,  or  to  be  ftationary,  nor  to  be  retrograde  at 
any  time. 
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CHAP»  VL 

Of  the  true  Motions  of  the  Planets. 

§.  583.^1^  HE  fun,  the  moon,  and  the  primary 
JL  planets,  are  at  one  time  nearer  the 
earth  than  at  another.  For,  their  diameter  appears 
now  greater  ;  again  lefs.  The  fun  is  neareft  the 
earth,  when  in  Capricorn ,  and  mod  diftant,  when 
in  Cancer .  For,  in  the  former  his  diameter  appears 
biggeft  *,  and  in  the  latter,  fmalleft.  Saturn ,  Jupi¬ 
ter  and  Mars  are  nearer  the  earth,  when  in  oppofi- 
tion  to  the  fun,  than  towards  the  time  of  their  con¬ 
junction.  The  diameter  of  Mars  in  his  oppofition 
appears  eight  times  as  large,  as  in  his  conjunction. 
The  moon  in  the  fir  ft  and  laft  quarter  is  always  more 

diftant  from  the  earth  than  at  full  and  new. 

* 

§.  584.  The  moon’s  path  or  orbit  goes  not  round 
the  fun,  but  round  the  earth.  For,  if  the  moon  is  new; 
flie  is  between  the  fun  and  the  earth.  But  if  full ; 
the  earth  is  between  her  and  the  fun  (§.  566.  568). 
And  thus  her  orbit  goes  round  the  earth.  If  it 
went  round  the  fun  at  the  fame  time,  the  moon  in  her 
conjunction  with  him  could  not  ftand  under  him,  or 
between  him  and  the  earth.  The  revolution  of  the 
moon  from  weft  to  eaft  about  the  earth  is  performed 
in  twenty-feven  days,  feven  hours,  and  forty-three 
minutes. 

o* 
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§.585.  And  in  this  very  fpace  of  time  the  moon 
turns  about  her  axis,  fiie  always  turning  to  us  one 
and  the  fame  fide.  Her  fpots,  indeed,  which  retain 
the  fame  pofition  with  regard  to  each  other,  appear 
now  to  come  fomewhat  nearer  to  the  limb  of  her  ap¬ 
parent  difk,  but  again  to  remove  as  much  therefrom. 
From  this  appearance  it  was  at  firft  concluded,  that 
the  ball  of  the  moon  turned  not  about  her  axis,  but 
was  only  fubjedt  to  fome  librations ;  fuch  as  we ,  ob- 
ferve  in  a  globe,  whofe  centre  of  gravity  is  drifted. 
But  the  elder  Cajfini  held  thefe  librations  to  arife 
partly  from  the  motion  of  the  moon  round  the 
earth,  and  partly  from  her  rotation  about  her  axis. 
This  thought  his  fon  explained  at  large  in  a  differ- 
tation,  inferred  into  the  memoires  of  the  academy 
for  the  year  1729.  Did  the  moon,  in  the  time 
fire  performs  her  revolution  round  the  earth,  not 
move  about  her  axis,  we  fhould  not  conftantly  ob- 
ferve  one  and  the  fame  fide  of  her.  This  may  be 
eafily  Ihewn,  if  round  a  point  we  defcribe  a  circle, 
and  along  it  move  in  a  twofold  manner  a  ball,  one 
half  white,  the  other  black ;  one  time  without ; 
another,  with  a  motion  about  its  axis.  Suppofe  it  at 
reft  in  a  point  of  the  circular  line,  and  to  turn  its 
white  fide  towards  its  centre.  If  moved  out  of  the 
point  of  reft  along  the  circular  line,  without  begin¬ 
ning  at  the  fame  time  to  twirl  about  its  axis,  it 
gradually  turns  its  white  fide  from  the  centre,  and 
at  length  prefents  to  it  the  black.  But  if  fo  moved 
along  the  circular  line,  as  that  in  the  time  of  the 

1 
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motion  through  the  whole  line,  it  is  made  to  turn 
about  its  axis  *,  its  white  fide  comes  to  be  conHantly 
turned  to  the  centre,  if  turned  to  it  at  the  beginning 
of  the  motion. 

§.  586.  Venus  and  Mercury  move  round  the  fun. 
The  earth  is  without  both  their  orbits.  And  the  orbit 
of  Mercury  is  encorqpaffed  by  that  of  Venus.  Suppofe 
the  fun  in  S,  fig.  6.  plate  viti.  the  earth  in  T,  and 
one  of  thofe  planets  in  B,  and  thus  in  conjunction 
with  the  fun,  between  him  and  the  earth.  From  B 
the  planet  will  remove  or  recede,  by  a  certain  fpace 
S  C,  from  the  fun  S  to  C.  This  fpace  on  the  earth 
will  appear  under  the  angle  S  T  C  Now  neither  of 
thefe  planets  removes,  or  digrefles  from  the  fun  to  a 
flats  of  oppofition  with  him  (§,  579).  And  there¬ 
fore  the  planet  goes  back  again  from  C  to  the  fun, 
till  again  it  begins  a  conjunction  therewith.  This 
happens,  when  the  planet  comes  to  D,  and  the  fun 
Hands  between  it  and  the  earth  (§.  579).  After 
this  conjunction  the  planet  removes  again  out  of  D 
from  the  fun  by  the  fpace  S  A,  which  on  the  earth 
is  feen  under  the  angle  A  T  S.  Out  of  A  the  planet 
goes  to  the  third  conjunction  in  B,  where  again  it 
has*its  place  between  the  fun  and  the  earth.  And 
thus  the  orbits  of  both  thefe  planets  go  round  the  fun. 
And  as  they  gain  no  other  fituation,  than  that  either 
the  fun  Hands  between  them  änd  the  earth,  or  they 
Hand  between  the  fun  and  the  earth  ;  the  earth  is 
without  their  orbit. 

t 
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Venus  removes  47  at  moft,and  Mercury  28  degrees 
from  the  fun.  Suppofe  the  greateft  digreffions  or 
elongations  of  Venus  to  be  SC  and  S  A,  and  to  be 
feen  under  the  angles  S  T  C  and  A  T  S.  Thofe  an« 
gles  are  greater  than  the  angles  S  T  F  and  S  X  G. 
And  under  thefe  the  greateft  elongations  S  F  and 
S  G  of  Mercury  from  the  fun  will  be  feen.  So  that 
the  orbit  of  Venus  muft  be  greater  than  that  of  Mer- 
cury  (§.  194).  Venus  compleats  her  orbit  in  224 
days,  14  hours,  49'  20O  and  Mercury ,  in  87  days, 
23  hours,  15'  38'. 

§.  587.  Saturn ,  Jupiter  and  Mars  are  together 
called  the  fuperior  planets ,  and  defcribe  their  orbits 
round  the  fun  and  the  earth.  And  yet  the  centre  of 
thofe  orbits  is  without  the  centre  of  the  earth.  Sup- 
pofe  the  earth  to  be  in  T,  fig.  7.  plate  vm.  If  a 
fuperior  planet  is  in  conjunction  with  the  fun ,  the 
fun  and  the  planet  are  feen  together  from  the  earth 
(§.  578).  But  the  fuperior  planets  in  their  conjunc¬ 
tion  with  the  fun  appear  fully  enlightened  on  the 
difk  they  obvert  to  the  earth.  And  thus  if  the  fun 
is  in  S,  the  fuperior  planet  is  above  him  in  M.  It 
therefore  the  fuperior  planets  move  round  the  earth, 
their  orbits  at  the  fame  time  go  round  the  fun.  But 
they  actually  move  round  the  earth :  for  they  are 
now  in  conjunction  with,  again  in  oppofition  to  the 
fun  (§.  579).  If  a  fuperior  planet  is  in  the  conjunc¬ 
tion,  it  is,  for  inftance,  in  fig.  8.  plate  vm.  the 
fun  in  S,  and  the  earth  in  T.  If  in  oppofition,. it  is, 
for  inftance,  in  P,  the  fun  in  S,  and  the  earth  again 

in 
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in  T.  In  the  conjunction  the  earth  is  without  the 
fun  and  the  planet ;  but  in  the  oppofition  between 
the  planet  and  the  fun.  And  this  could  not  hap¬ 
pen,  did  not  the  planet  move  round  the  earth.  In 
the  conjunction  the  planet  is  more  diflant  from  the 
earth  than  in  the  oppofition  (§.  583).  And  thus 
the  centre  of  their  orbits  cannot  fall  in,  or  coincide 
with  the  centre  of  the  earth. 

Mars  compleats  his  revolution  in  686  days,  22 
hours,  29  minutes:  Jupiter ,  in  4332  days,  12  hours, 
20  9  ,  and  Saturn,  in  10759  days,  6  hours,  36  mi¬ 
nutes. 

§.  588.  The  orbits  of  Venus  and  Mercury ,  the 
inferior  planets,  are  encompaffed  by  the  orbits  of 
the  fuperior.  For,  the  inferior  planets  move  only 
round  the  fun  ^  and  the  earth  is  without  their  orbits 
(§.  586).  On  the  contrary,  the  fuperior  planets 

take  their  courfe  as  well  round  the  fun,  as  round  the 

* 

earth  (§.  587). 

§.  589.  The  orbit  of  Mars  is  encompaffed  by  the 
orbit  of  Jupiter ,  and  this  laft  by  the  orbit  of  Saturn. 
For,  Mars ,  in  1591  January  9,  covered  Jupiter  \  and 
Jupiter  in  1563  covered  Saturn  from  the  earth. 
Now  as  the  earth  is  within  the  orbits  of  the  fupe¬ 
rior  planets,  Jupiter  rriufl  defcribe  a  larger  orbit 
than  Mars  \  and  Saturn ,  a  larger  than  Jupiter  round 
the  earth. 

§.  590.  From  the  motion  of  the  fpots,  obfervable 
in  Jupiter ,  Mars  and  Venus ,  and  from  the  return 
of  thole  Ipots,  after  having  for  feme  time  remain¬ 
ed 
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ed  invifible,  the  elder  Cajjini  concluded,  that  Jupi¬ 
ter  tarns  round  his  axis  in  9  hours,  56^  Mars ,  in 
24  hours  40',  and  Venus  in  24  hours» 

§.  591.  The  motion  of  the  fatellites  of  Jupiter 
round  Jupiter ,  and  of  the  fatellites  of  Saturn  round 
Saturn ,  appears  hence  *,  viz.  that  both  thefe  primary 
planets  hand  now  between  their  fatellites  and  the 
fun,  and  again  their  fatellites  between  them  and  the 
fun.  The  elder  Cajjini ,  who  according  to  the  tefti- 
mony  of  the  academy  of  fciences  at  Paris  had  done, 
hrft,  in  18,  and  then  in  43  years,  as  much  for  the 
four  fatellites  of  Jupiter ,  as  had  fcarce  been  done  for 
the  moon  in  3000  years,  at  length  found,  that  the 
firft  revolves  round  Jupiter  in  one  day,  1 8  hours, 
28'  36";  the  fecond,  in  three  days,  13  hours,  18' 
52"-,  the  third,  in  feven  days,  three  hours,  59' 40" 
and  the  fourth,  in  16  days,  18  hours,  5'  6".  As  to 
the  revolutions  of  the  fatellites  of  Saturn  round  Sa¬ 
turn,  the  younger  Caffini  found  the  following  times  : 
For  the 


d. 

h. 

ff 

// 

I. 

I 

2  L 

l8 

27 

II. 

2 

1 7 

41 

22 

III. 

4 

12 

25 

12 

IV. 

/ 

15 

22 

41 

14 

V. 

79 

7 

48 

0 

The  difcoveries  of  the  two  Caffini  are  contained 
in  the  Memoir  es  of  the  academy  of  fciences ,  &c. 
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SECT.  III. 

Of  fuch  Stars  as  appear  but  feldom. 

C  H  A  P.  I. 

Of  the  feveral  Kinds  of  them. 

§.  592.  JT  TN  DER  thofe  we  underhand  fuch, 

whofe  time  of  appearance  is  yet  un¬ 
certain.  And  thus  we  muß;  exclude  from  them  the 
flar  in  the  neck  of  the  fwan  called  «v,  which  now 
appears,  again  difappears,  compleating  this  alterna¬ 
tion  of  appearance  and  difappearance  in  404^  days. 
But  the  liars,  rarely  appearing,  are  of  two  forts. 
Some  are  hxt  (tars,  as  in  regard  to  the  other  known 
and  conftant  fixe  flars,  retaining  always  for  the  whole 
time  of  their  appearance  one  and  the  fame  place  : 
fuch  appears  to  have  been  the  new  ftar,  that  was 
feen  from  1572  to  1574  m  Caffiopeia^  and  at  firfl 
furpafifed  the  ilars  of  the  firfl:  magnitude  in  luflre, 
but  gradually  turned  lefs  and  lefs,  till  at  length  it 
quite  difappeared.  Other  rarely  appearing  flars 
change  their  place  in  the  heavens  like  the  planets, 
and  are  called  comets . 


s 
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C  H  A  P.  II. 

Of  Comets« 

593.  A  ND  then,  comets  yield  no  pure  and 
i  \  bright  light,  like  the  fixed  fiars.  This 
difference  may  be  perceived,  on  viewing  their  light 
through  good  telefeopes.  In  many  comets  we  oh- 
ferve  a  tail,  and  round  it  a  pale  vapour.  The  co¬ 
met  itfelf,  which  fhines  brightefh  amidfl  this  va¬ 
pour,  is  called  the  body  or  nucleus  of  the  comet ;  the 
encompaffing  vapour,  its  atmofphere ;  and  nucleus 
and  atmofphere  together  are  called  its  head .  The 
manner,  how  thefe  three  parts,  the  nucleus,  atmo¬ 
fphere  and  tail  appeared  in  the  comet  of  1 744,  Mr, 
profeffor  Reinfius ,  who  viewed  it  at  Peterflurg  from 
January  5,  to  February  16,  with  an  excellent  Grego¬ 
rian  telefcope,  has  diftindtly  exhibited  in  his  defcrip- 
tion  of  this  comet,  plate  1.  As  to  the  nature,  mo¬ 
tion,  and  effie&s  of  comets  in  general,  there  was  pub¬ 
lished  in  1 744,  at  Berlin ,  a  folid  and  very  diftinft 

anfwer  to  feveral  queries  on  that  head,  together  with 

\ 

a  continuation. 

§.  594.  Comets,  like  other  flars,  feem  to  move 
daily  from  eaft  to  weld,  and  to  rife  and  fet 
when  their  declination  (§.  558.)  is  not  greater 
than  the  height  of  the  pole.  In  this  cafe  they  remain 
conftantly  above  the  horizon  *,  as  do,  for  inftance, 
the  ftars  in  the  great  and  little  bears.  Befides  this 
common  apparent  motion  (§.  575%  they  have  alfo 
Vol.  II.  S  a  proper. 
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a  proper,  appearing  to  move  from  one  fixed  ftar  to 
another.  This  happens  either  from  north  to  fouth, 
or  from  fouth  to  north  ;  or  from  weft  to  eaft,  or 
from  eaft  to  weft.  If  a  comet  appears  to  move  in 
the  zodiack  from  weft  to  eaft-,  we  fay,  that  it 
moves  in  the  order  of  the  figns,  or  in  confequence, 
or  that  it  is  diredt.  Thus  appeared  the  comet  of 
1680  and  168 1,  to  move  from  vf  to  &c. 

But  if  the  apparent  motion  of  the  comet  be  from  eaft 
to  weft  ;  we  fay,  it  moves  contrary  to  the  order  of 
the  figns,  or  in  antecedence,  or  that  it  is  retrograde 
(§.  582).  Thus  appeared  the  comet  of  1744  to 
move  from  -f  t0  X-  order  to  explain,  how 
thefe  apparent  motions  arife  with  regard  to  our 
earth ;  we  are  to  confider  the  diftance  of  a  comet 
from  the  earth  and  the  fun,  and  the  motion  of  the 
earth  as  well  about  her  axis,  as  alfo  round  the  fun. 
But  all  this  will  be  beft  taught  below  in  the  dodtrine 
of  the  fyftem  of  the  world  ;  whither  alfo  we  poft- 
pone  the  enquiry,  whether  comets  are  fiery  and 
burning  bodies,  and  how  their  tails  arife. 


T  H  E 


Of  the  System  of  the  World; 


THE 

DOCTRINE 

O  F  T  H  E 


§.  595.  TJ  Y  the  fyft etn  of  the  world  we  under» 
J ^  {land  the  connexion,  in  which  the  fo- 
lid  and  fluid  bodies  therein  {land  mutually  with  re- 
fpecl  to  each  other,  and  by  which  they  conflitute  the 
vifible  world. 


CHAP.  I. 

Of  the  Motions  of  the  Earth. 

k 

596.  TT^  ROM  the  diurnal  motion  of  the  earth 
J?  about  her  axis,  proved  above  (§.  342. 
feq.),  the  common  motion  (§.  575.)  of  all  the  liars 
may  be  explained  ;  and  thus  be  fuperieded  the  mo¬ 
tion  of  thefe  laft  in  24  hours  from  eail  to  weft  round 
the  earth.  Suppofe  GINH  G,  fig.  8.  plate  11. 
to  be  a  circle  on  the  earth’s  furface,  and  A  F  B  L 
E  A  to  reprefent  a  circle  in  the  heavens.  If  the 

S  2  fpe&ator 
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fpe&ator  is  on  the  earth’s  furface  in  G,  the  ftar  A 
appears  to  him  in  the  circle  of  the  heavens  in  the 
zenith.  Now  if  the  place  G  comes  with  the  earth’s 
motion  about  her  axis,  to  I  j  the  fpediator  fees  the 
ftar  F  in  the  zenith.If  the  place  G  comes  to  H  ,  the 
ftar  L  appears  inthezenith.  And  if  at  length  the  place 
G  comes  again  to  G  ;  the  Far  A  appears  anew  in  the 
zenith.  Now  as  the  fpedlator  is  quite  infenfible  of 
the  motion  of  the  earth  about  her  axis ;  and  yet  one 
{tar  after  another  appears  to  him  in  the  zenith  :  it 
fhould  feem,  as  if  the  ftars  moved  contrary  to  him, 
and  confequently  from  eaft  to  weft  (§.  486.  492). 

§.  597.  The  other  motion  of  the  earth  is  the  an¬ 
nual,  moving  round  the  fun  in  3 65  days,  5  hours, 
and  49  minutes.  For,  from  this  may  be  explained 
in  an  intelligible  and  natural  manner,  all  what  we 
obferve  in  the  apparent  motions  of  the  planets  and 
the  fun.  The  ecliptick,  defcribed  (§.  556),  is  there¬ 
fore  the  path  of  the  earth  in  her  annual  motion. 

In  general,  the  fun  and  the  planets  appear  to  us 
to  Hand  at  the  limits  of  the  fixed  ftars,  as  the  di- 
ftance  between  a  fixed  ftar  and  the  fun,  or  a  planet, 
is  diftinguifhable  under  no  obfervable  angle  (§.  484)* 
The  apparent  motion  of  the  fun  through  the  eclip¬ 
tick  (§.  556.)  may  be  reprefented  as  follows.  Sup- 
pofe  the  fun’s  place  to  be  S,  fig,  9.  plate  vm.  and 
the  circle  marked  with  numeral  characters,  the 
earth’s  path.  Now  if  the  earth  is  in  7  ;  the  fun  ap¬ 
pears  to  be  in  If  the  earth  comes  to  6  ^  the  fun 
appears  in  As  therefore  the  earth  appears  to 

advance 
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advance  in  her  path  according  to  the  numeral 
charadters  ;  fo  the  fun  appears  to  proceed  according 
to  the  figns  of  the  ecliptick. 

The  moon  actually  moves  round  the  earth  from 
wed  to  ead  (§.  584).  But  fhe  appears  to  run  over 
the  zodiack,  as  the  didance  between  her  and  each 
fign  is  feen  under  no  fenfible  angle.  Suppofe  the 
earth  to  be  in  S,  fig.  9.  plate  vm.  as  the  centre  of 
her  orbit.  Now  if  the  moon  is  in  7  ;  fhe  appears  to 
be  in  Come  die  to  6  ;  fne  appears  to  be  in  ^ . 

And  come  fhe  to  5  ;  fhe  appears  to  be  in  n  ;  fo 
that  it  fhould  feexn,  as  if  ihe  moved  from  the  one 
fign  to  the  other. 

The  inferior  planets  Mercury  and  Venus  appear  in 
the  fpace  of  a  year  to  move  along  with  the  fun  round 
the  earth,  and  towards  the  time  of  their  inferior  con¬ 
junction  with  the  fun  to  be  retrograde  (§.  582). 
How  both  appearances  may  happen,  on  viewing 
both  planets  on  the  earth,  and  on  this  lad  moving 
round  the  fun,  may  be  underdood  by  means  of 
fig.  1.  plate  ix.  the  earth  is  without  the  paths  of  the 
inferior  planets  (§.  586).  And  thus  take  fhe  her 
courfe  round  the  fun,  her  path  encom paffes  the  or¬ 
bits  of  Mercury  and  Venus .  The  period  ot  the  earth 
is  to  that  of  Mercury  as  4  to  1.  For,  the  earth 
accompliOies  her  courfe  in  365,  and  Mercury  in  87 
days  (§.  586).  And  thus  in  the  time,  that  Mercury 
finifhes  his  whole  orbit,  the  earth  only  describes  a 
fourth  of  hers.  Divide  therefore  the  path  ot  Mer¬ 
cury  into  8  equal  parts,  and  each  quarter  of  the 

S  3  earth’s. 
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earth’s  orbit  into  juft  as  many  parts.  Now  if  Mer¬ 
cury  is  in  i ,  and  the  earth  in  T  i  ;  Mercury  appears 
in  a .  If  the  earth  moves  to  2,  and  Mercury  alfo  to  2  ; 
Mercury  appears  in  b.  And  if  the  earth  goes  to  3,  and 
Mercury  alfo  to  3  ;  he  appears  in  c.  If  the  earth 
Arrives  at  4,  and  Mercury  in  like  manner  at  4  ; .  he 
appears  in  d.  Hitherto  he  has  been  diredt,  or  has 
appeared  to  run  over  a  part  of  the  zodiack  in  the 
order  of  the  figns :  but  if  he  comes  to  5,  and  thus  is 
in  inferior  conjundtion  with  the  fun  ;  and  the  earth 
in  her  path  comes  to  5  ;  Mercury  appears  in  r,  and 
confequencly  to  be  retrograde.  And  if  he  goes  on  to 
6,  and  the  earth  in  her  orbit  to  6 ;  he  appears  to  have 
continued  his  retrogradation  to  /.  If  he  comes  to  7, 
and  the  earth  in  her  path  to  7  *,  he  appears  in  £,  and 
is  anew  direct.  If  he  reaches  to  8,  and  the  earth  in  her 
orbit  to  8  ;  he  appears  in  b,  and  flill  direct.  Purfue 
we  in  imagination  Mercury  in  his  orbit,  and  the 
earth  in  hers,  till  this  laid  have  her  place  again  in 
T;  one  fees,  how  Mercury  appears  gradually  to  come 
to  A  k ,  /,  7/7,  77,  o9  y>,  y,  r,  .g  /,  77,  x,  y,  z.  A, 

•  B,  C  D  E  F  G,  H,  I,  and  thus  in  a  year  to  run 
through  the  whole  zodiack,  and  in  the  inferior  con¬ 
junction  with  the  fun  to  be  retrograde. 

The  fuperior  planets  appear  to  be  retrograde  at 
the  time  they  (land  in  oppofition  to  the  fun  (§.582). 
Both  appearances  arife  on  the  earth  from  her  annual 
motion  round  the  fun  in  the  following  manner.  The 
orbit  of  the  earth  is  encompatTed  by  the  orbits  of  the 
fuperior  planets  (§.  587).  Suppofe  S,  fig.  2.  plate  ix. 
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to  be  the  place  of  the  fun,  and  the  circle  defcribed 
about  him  to  be  the  orbit  or  the  earth.  As  Jupiter , 
in  his  motion  round  the  fun,  requires  12  times  as 
much  time,  as  the  earth  (§.  587) ;  the  orbit  of  the 
earth  is  to  that  of  Jupiter ,  as  1  to  12.  Divide 
therefore  as  well  the  earth’s  orbit,  as  alfo  the  twelfth 
part  of  Jupiter’s  orbit  into  twelve  equal  parts.  Sup- 
pofe  the  laft  to  be  at  A.  If  the  earth  in  her  orbit  is 
in  1 ,  and  Jupiter  in  his  orbit  in  like  manner  in  1  j 
he  appears  in  the  heavens  in  a.  If  the  earth  and  Ju¬ 
piter  in  their  orbits  go  on  from  1  to  2  5  this  laft  ap¬ 
pears  in  the  heavens  in  h.  Move  they  on  to  3  •,  Ju¬ 
piter  appears  in  c.  Come  they  to  4  ;  Jupiter  ap¬ 
pears  in  d.  And  reach  they  to  5  ;  Jupiter  appears  in 
e .  Hitherto  Jupiter  has  been  direbb  But  now  he 
begins  to  be  retrograde,  when  in  his  orbit  come  to 
6,  and  the  earth  in  her  orbit  alfo  to  6.  For,  now 
Jupiter  appears  in  /.  In  this  time  he  approaches  to 
the  oppofition  ;  which  actually  follows,  when  in  his 
orbit  he  moves  to  7,  and  the  earth  in  hers  alfo  to  7, 
the  earth  then  Handing  between  him  and  the  fun. 
In  this  oppofition  Jupiter  appears  in  g9  and  thus 
has  continued  his  retrograd ation.  He  appears  Hill 
to  be  retrograde  quite  to  h ,  when  in  his  orbit  he 
reaches  the  place  8,  and  the  earth  in  hers  the  place 
8.  Come  they  both  to  9  ;  Jupiter  appears  in  z,  and 
confequently  again  direbb  In  like  manner  it  may 
be  fhewn,  how  Saturn  and  Mars  appear  to  become 
retrograde,  when  in  oppofition  to  the  fun. 
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In  the  oppofition  the  fuperior  planets  are  nigher 
the  earth  than  in  the  conjunction  (§.  533).  For, 
in  the  conjunction  the  planet  is  in  A,  the  fun  in  S, 
and  the  earth  in  V  (§.578).  And  fo  the  diflance 
of  the  planet's  from  the  earth  =  AV,  If  the  pla¬ 
net  is  in  oppofition  ;  he  is  in  A,  and  the  fun  in  S, 
and  the  earth  between  in  T  (§.  578).  And  then  the 
diflance  of  the  planet  from  the  earth  =  AT.  The 
di iierence  between  A  T  and  A  V  is  =  T  V,  which 
is  the  entire  diameter  of  the  earth’s  orbit.  And  thus 
the  fuperior  planet  is  about  this  much  nearer  the 
earth  in  the  oppofition  than  in  the  conjunction. 

The  apparent  retrogradations  of  Jupiter  happen 
oftenerthan  thofe  of  Mars ;  and  thofe  of  Saturn  offener 
than  thofe  of  Jupiter .  For  the  retrogradations  hap¬ 
pen  in  the  oppofition.  And  this  lafl  happens,  when 
the  earth  approaches  to  a  fuperior  planet.  But  fhe 
approaches  fooner  to  Jupiter  than  to  Mars  ;  and  flill 
fooner  to  Saturn  than  to  Jupiter  \  for,  Jupiter 

moves  flower  than  Mars,  and  Saturn  flower  than 

/ 

Jupiter  (§.  587). 

Jupiter  employs  more  time  in  the  retrogradation 
than  Mars  *,  and  Saturn  flill  more  than  Jupiter 
(§.  582).  And  in  the  cafe  of  the  motion  of  the 
earth  round  the  fun  it  can  no  otherwife  be.  Sup- 
pofe  Jupiter ,  for  inftance,  to  be  in  G,  fig.  3.  plate 
ix.  when  appearing  to  Hand  flill  in  his  diredl  courfe. 
If  the  earth  is  in  her  orbit  in  A,  where  at  the  fame 
time  the  ray  of  light  falling  from  Jupiter  touches 
the  earth’s  orbit  j  on  the  earth  Jupiter  is  feen  in  N. 

If 
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If  the  earth  in  her  path  goes  on  to  the  point  B,  where 
the  ray  of  light  of  Jupiter  touches  the  earth,  when 
Jupiter  concludes  his  apparent  retrogradation  ;  he  ap¬ 
pears  to  the  fpedator  in  O.  The  time  therefore,  in 
which  the  earth  runs  over  the  arch  A  B,  is  the  time, 
in  which  Jupiter  accomplices  his  apparent  retrogra¬ 
dation.  The  orbit  of  Mars  is  encompafied  by  that 
of  Jupiter  (§.  589).  If  therefore  Mars  ftars  in  F, 
fo  that  from  the  former  place  of  Jupiter  G  a  right 
line  may  be  drawn  through  F,  and  through  H,  the 
centre  of  the  earth's  orbit  %  the  rays  of  light  F  D 
and  F  C,  which  from  Mars  rake  the  earth’s  orbit, 
cannot  reach  to  A  and  B,  but  only  to  D  and  C. 
And  fo  the  earth  muft  be  in  D,  in  order  to  obferve, 
that  Mars ,  who  is  in  F,  appears  in  his  direct  courfe 
to  be  flationary.  And  then  from  D  one  fee  Mars 
in  L.  Move  the  earth  in  her  orbit  from  D  to  C  ; 
Mars  appears  in  M.  And  thus  Mars  appears  to  the 
fpedator,  as  if  retrograde  from  L  to  M.  Now  the 
time,  which  the  earth  takes  to  move  through  the 
arch  D  C,  is  the  time  of  the  apparent  retrograda¬ 
tion,  which  Mars  has  accomplifhed.  And  now  as 
the  arch  D  C  is  lefs  than  the  arch  A  B  ;  Mars  in 
his  retrogradation  appears  to  have  took  a  fhorter  time 
than  Jupiter .  The  planets,  in  reality,  continue  their 
dired  courfe  in  the  time,  they  appear  to  the  inha¬ 
bitants  of  the  earth  to  be  retrograde.  And  thus  the 
!  arches  of  the  earth’s  orbit,  which  coincide  with  the 
I  apparent  retrogradations,  are  lefs  than  if  the  planets 
i  adually  flood.  But  as  Jupiter  moves  ßower  than 

Mars^ 
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Mars ,  and  Saturn  flower  than  Jupiter  (§.  58**)  *,  the 
faid  arches  of  the  earth’s  orbit  are  fuch,  as  that  the 
arch  for  Jupiter  is  greater  than  the  arch  for  Mars ; 
and  the  arch  for  Saturn  greater  than  the  arch  for 

Jupiter . 

From  this  very  figure  it  is  plain,  how  it  comes, 
that  Jupiter  in  his  retrogradation  appears  to  defcribe 
a  lefs  arch  than  Mars  ;  and  Saturn  a  lefs  arch  than 
Jupiter .  Suppofe  Mars  to  appear  ftariouary  in  F, 
and  Jupiter  in  G.  In  this  manner  the  arch  A  B, 
which  anfwers  to  the  apparent  retrogradation  of  Ju¬ 
piter  ^  is  greater  than  the  arch  D  C,  which  the  ea;th 
in  her  orbit  accomplifhes  at  the  time,  that  Mars 
finishes  his  retrogradation.  The  half  arch,  which 
Mars  appears  to  compleat  in  the  retrogradation,  is 
the  meafure  of  the  half  angle  EHD;  and  the  half 
arch,  which  Jupiter  appears  to  defcribe  in  his  retro¬ 
gradation,  is  the  meafure  of  the  half  angle  EH  A, 
And  thus  H  G  A  is  lefs  than  H  FD.  And  there¬ 
fore  the  moil  diflant  planet  in  his  apparent  retrogra¬ 
dation  defcribes  a  lefs  arch  than  the  nearer.  But 
that  the  angle  IT  G  A  is  lefs  than  the  angle  IT  F  D, 

'  may  be  feen  from  the  following  circumllances.  As 
G  A  and  F  D  are  tangents  ;  they  form  with  the  fe- 
midiameters  H  A  and  IT  D  of  the  earth’s  orbit  at 
A  and  D  right  angles.  Now  if  in  a  triangle  one  angle 
is  right  *,  the  two  remaining  angles  together  make  a 
right.  And  fo  the  angle  H  F  D  is  lefs  than  IT  D  F  j 
and  hi  G  A  lefs  than  IT  A  G.  But  the  angle  F  IT  A 
is  greater  than  F  H  D.  For,  the  arch  E  A  is 

greater 
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greater  than  the  arch  E  D.  And  therefore  the  angle 
H  F  D  is  greater  than  the  angle  H  G  A.  For,  by 
fo  much  as  the  angle  G  FI  A  is  greater  than  the 
angle  F  H  D  ;  by  fo  much  is  the  angle  H  G  A  lefs 
than  the  angle  H  F  D.  Otherwife  in  the  triangle 
H  D  F  the  fum  of  both  the  angles  H  F  D  and 
F  H  D  could  not  be  equal  to  the  fum  of  the  angles 
H  G  A  and  G  H  A  in  the  triangle  HAG.  For, 
each  of  thefe  fums  makes  90  degrees. 

1 

§.  598.  The  earth  moves  fo  in  her  orbit  round 
the  fun,  that  her  axis  remains  conftantly  parallel 
with  the  axis  of  the  world  or  heavens.  For  the 
height  of  the  pole  in  no  time  or  the  year  undergoes 
any  change  on  the  earth.  But  fuch  mult  have  hap¬ 
pened,  had  the  earth’s  axis  at  feveral  different  times 
an  inclination  to  the  axis  of  the  world,  as  in  one 
place  to  ftand  more  diftant  from  it  than  in  another. 
The  earth’s  axis  thus  remains  parallel  to  itfelf. 

§.  599.  From  this  it  follows,  that  in  the  annual 
motion  of  the  earth,  her  pole  defcribes  a  circle,  and 
the  pole  of  the  ecliptick,  marked  on  the  earth,  an¬ 
other  circle  befides. 

§.  600.  If  the  earth  moves  through  the  ecliptick 
round  the  fun,  and  if  the  diameter  of  her  orbit  to 
the  diftance  of  the  fixt  Ears  from  the  earth  has  an 
imperceivable  ratio ;  the  fixt  Ears  has  neither 
among  themfelves,  nor  from  our  vertex,  always  one 
and  the  fame  diftance.  In  particular,  the  polar  ftar 
muft  be  differently  diftant  from  our  vertex  in  the 

folftices,  from  what  it  is  in  the  equinoxes.  Thefe 
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three  particulars  baron  Wolfius  demonftrates  in  his 
Elementa  aflronomia ,  §.  594.  in  the  following  manner. 

Let  two  liars  A  and  B,  fig.  4.  plate  ix.  be  taken 
near  the  ecliptick.  Suppofe  the  earth  to  be  in  C 

between  the  liar  A  and  fun  S.  The  liar  A  is  thus 

/  \ 

in  oppofition  to  the  fuii  (§.  578).  And  thus  the  di- 
ftance  of  the  liar  A  from  the  liar  B  appears  under 
the  angle  B  C  A.  Suppofe  the  earth  in  her  orbit  to 
come  to  D.  And  fo  the  liar  A  is  in  conjunction 
with  the  fun  (§.  578).  And  thus  the  dillance  of  the 
flar  A  from  the  liar  B  appears  under  the  angle 
B  D  A.  Now  if  C  D,  the  diameter  of  the  earth’s 
orbit  to  C  A*  the  diltance  of  the  ftar  A  from  the 
earth  in  C,  have  a  perceivable  ratio  *  the  angle 
B  C  A  is  greater  than  the  angle  B  D  A.  For,  that 
is  the  external,  and  this  the  angle  oppofite  to  it  in 
the  triangle  BDC.  And  therefore  A  appears  to  be 
more  diftant  from  B,  when  the  earth  is  in  C,  than 
when  in  D. 

Suppofe  the  liars  M  and  N,  fig.  5.  plate  ix.  to 
be  without  the  ecliptick,  or  diftant  from  it.  If  the 
earth  is  in  T  ,  they  appear  under  the  angle  M  T  N. 
If  on  the  contrary  the  earth  is  in  V  ;  they  appear  un¬ 
der  the  angle  M  V  N.  Thefe  two  angles  cannot  be 
mutually  equal  in  all  pofitions  of  the  earth.  For, 
fuppofing  the  angle  M  T  N  to  remain  unchanged, 
and  be  now  the  ftar  N  or  nearer  the  point  T,  or  more 
diftant  from  it ;  the  angle  M  V  N  will  be  greater, 
when  the  ftar  N  or  n  is  more  diftant  from  the  point 
T,  than  when  Handing  nigher  to  it.  And  thus  in 

different 
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different  pofttions  of  the  earth  they  have  different 
diftances  from  our  vertex« 

Suppofe  the  pole  of  the  world  or  heavens,  in  re« 
gard  to  the  fun,  to  be  in  P,  fig.  6.  plate  ix.  and 
A  C  B  D  to  denote  the  circle,  which  the  pole  of 
the  earth,  or  of  her  equator  defcribes.  Suppofe  the 
pole  ot  the  ecliptick  to  be  in  M  in  regard  to  the 
fun,  and  abed  to  reprefent  the  circle,  deferibed  by 
the  pole  of  the  ecliptick.  The  line  P  M  denotes 
the  diflance  of  the  pole  of  the  ecliptick  from  the 
pole  of  the  world  and  heavens.  Suppofe  the  fign 
of  to  be  in  A,  and  in  B  the  fign  of  VS  ;  and  con- 
fequently  in  the  former  the  fummer-folftice  ;  and  in 
the  latter,  the  winter- folftice :  on  the  contrary,  in 
C  the  fign  of  V,  and  in  D  that  of  —  ;  and  confe- 
quently  in  that ,  the  vernal  equinox  ;  and  in  th/s9 
the  autumnal  equinox.  Suppofe  at  length  the  polar 
ftar  to  have  its  place  in  S.  If  now  the  earth  is  in 
T,  her  pole  is  in  C.  And  thus  the  difiance  of  the 
polar  ftar  from  the  earth’s  pole  =  SC.  But  if  the 
earth  is  in  ss  ;  her  pole  is  in  A.  And  thus  the  di- 
ftance  of  the  polar  ftar  from  the  earth’s  pole  =  S  A. 
But  the  fecant  is  lefs  than  the  fecant  S  A,  as  baron 
IVolfius  ftiews  in  his  Elementa  geometric,  §.  302. 
And  thus  in  the  folftices  the  polar  ftar  mu  ft  have  a 
different  diftance  from  the  vertex,  from  what  it  has 
in  the  equinoxes. 

§.  601.  If  the  earth  moves  round  the  fun,  it  may 
happen  that  two  ftars  at  a  certain  time  of  the  year 
ftiall  appear  as  one,  and  at  another  time  of  the  year. 
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as  two.  Suppofe  the  earth  to  be  in  T,  fig.  5. 
plate  ix.  and  a  ftar  in  N.  Imagine  a  right  line  drawn 
from  T  to  N.  If  in  that  line  there  is  another  ftar 
n,  either  nearer  to,  or  farther  from  the  earth  than 
N ;  on  the  earth  we  can  only  diftinguifti  a  Tingle 
liar,  as  either  n  is  covered  by  N,  or  N  by  n.  But 
if  the  earth  comes  to  the  place  V  *,  the  ftar  N  is  feen 
along  the  line  V  N,  and  the  other  n  along  the  line 
V  n ;  and  confequently  two  fears.  And  fo  CaJJini 
has  feen  the  fir  ft  ftar  in  Aries  divided  at  times  into 
two  ;  as  this  was  alfo  obferved  in  one  of  the  heads  of 
Gemini.  Some  other  fears  in  the  Pleiades ,  and  the 
middle  ftar  in  the  fword  of  Orion ,  have  at  certain 
times  appeared  threefold,  nay  fourfold. 

§.  602.  From  the  annual  motion  of  the  earth,  and 
from  the  motion  of  the  light  coming  to  her  from  the 
fixt  ftars  a  peculiar  apparent  motion  arifes,  which  Dr. 
James  Bradley  firft  obferved  with  the  greateft  accuracy 
in  20  ftars,  and  explained  in  the  Philofophical  'Trans¬ 
actions,  M®  406.  Mr.  profefibr  Segner  in  the  firft 
edition  of  his  Introduction  to  natural  philosophy,  §. 
565  *,  exhibits  this  motion  as  follows :  Suppofe 
A  B,  fig.  7.  plate  ix.  to  be  fo  fmall  a  part  of  the 
earth’s  orbit,  as  that  it  may  he  confidered  as  a  right 
line.  Suppofe  the  earth  in  1',  and  a  fixt  ftar  in  S. 
If  the  light  moves  from  the  ftar  towards  the  earth  T, 
whilft  this  laft  at  the  fame  time  advances  to  B  ,  the 
light  ads  on  an  eye,  moving  at  the  fame  time  along 
with  the  earth,  juft  as  if  T  with  this  eye  flood  ftiil, 

*  In  the  fecond  Edition,  §.664.  feep 
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and  the  light,  befides  its  motion  along  S  T,  had 
another  along  SC  (§.  486) ;  the  line  S  C  being  fup- 
pofed  to  be  parallel  to  the  line  A  B  and  S  C  af- 
fumed  fo  great,  as  is  the  way,  which  the  earth  has 
made  in  her  orbit,  while  the  light  moves  through 
S  T.  From  both  thefe  motions  there  thus  arifes  a 
compound  motion  along  C  T.  The  light  therefore 
fails  into  the  eve  alons;  this  line  of  diredlion  C  T, 
and  caufes  the  dar,  feen  by  means  of  this  light,  to 
appear  in  the  line  C  T,  which  with  S  T,  in  which 
it  would  appear,  did  the  earth  Hand  dill,  forms  the 
angle  S  T  C.  In  another  place  of  her  orbit  if  the 
earth,  in  regard  to  this  fixt  dar,  moves  differently, 
and  comes  at  length  to  have  the  diredlion  of  her  mo¬ 
tion  diredlly  oppofite  to  the  former  T  B,  along 
T  A.  In  this  cafe  C  S  comes  to  D  S,  and  the 
angle  S  T  D  to  lie  on  the  other  fide  of  S  T  ^  fo  that 
the  dar,  on  account  of  the  earth’s  motion,  appears 
in  the  heavens  to  move  gradually  about  the  point  S, 
or  to  fwing  at  it  to  and  fro,  according  to  the  diffe¬ 
rent  pofition  of  S  with  refpedt  to  the  ecliptick.  Now 
if  a  dar  dands  in  S,  fig.  8.  plate  ix.  fo  that  the  right 
line  I  S,  connedling  it  with  the  centre  of  the  fun  S, 
falls  almod  perpendicular  on  the  furface  of  the  eclip- 
tick  ABCD;  the  dar  feems  to  defcribe  about  S  a 
fmall  ellipfis  ah  c  d ;  in  regard  S  appears  in  a,  when 
the  earth  is  in  A ;  and  in  hy  when  the  earth  is  gone 
from  A  to  B,  and  fo  on,  as  the  letters  diew.  Dr, 
Bradley  found,  that  the  greater  axis  of  this  fmall  el¬ 
lipfis. 
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lipfis,  which  is  defcribed  in  a  year,  comes  to  about 
40'. 

§.  603.  The  earth  therefore  ranks  with  the  pri¬ 
mary  planets  (§.  561). 

§.  604.  Her  orbit  encompafles  the  way,  which 
Venus  takes  round  the  fun,  and  is  immediately  en- 
compaffed  by  the  path,  which  Mars  defcribes  round 
the  fame.  The  firft  was  fhewn  above  (§.  586).  The 
laft  is  hence  clear.  The  luperior  planets  defcribe 
fuch  wide  circles  round  the  lun,  as  that  their  cen¬ 
tres  are  without  the  centre  of  the  earth  (§.  587). 
But  among  thefe  circles  that,  along  which  Mars  ac¬ 
compli  flies  his  courfe,  is  the  lead  (§,  589). 

CHAP.  II. 

Of  the  Order  or  Difpofition  of  the  Planets 

and  Sun. 

§.  605.  H  E  fun  occupies  the  middlemofl:  place 
JL  in  the  orbits  of  the  planets,  as  all  of 
them  move  round  him.  From  this  place  he  re¬ 
moves  not  in  any  perceivable  manner,  but  turns 
about  his  axis  (§.  551).  Next  the  fun,  revolves 
Mercury ,  and  after  him  Venus  (§  586)  ;  after  her 
the  earth,  and  after  this  lad,  Mars  (§.  604) ;  after 
Mkrs,  Jupiter ,  and  at  lentgh  after  him,  Saturn 
(§.  589.)  Round  the  earth  moves  the  moon,  and 
along  with  her  at  the  fame  time  round  the  fun 
(5.  562).  Round  Jupiter  revolve  four  ;  and  round 
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Säturn ,  five  fatellites ;  of  which  thofe  accompany 
Jupiter ;  and  thefe  Saturn  round  the  fun  (§.  597. ) 
fig,  2.  plate  X. 

This  dodrine  of  the  order  of  the  planets  and  the 
fun  is  called  the  Copernican  fyfiem .  The  motion  of 
the  earth  round  the  fun,  which  is  the  principal  dif¬ 
ference  therein,  was  maintained  before  the  birth  of 
Chrift  by  the  Pythagorean  philofopher  Philolaus ,  and 
after  him  by  Ariflarchus  of  Samos.  After  the  birth 
of  Chrift  in  the  15th  century  Cardinal  Nicolaus  Cu- 
fanus  in  his  work  De  dofia  ignorantiai  brought  up 
anew  the  annual  motion  of  the  earth.  At  length  in 
the  1 6th  century  this  dodrine  gained  a  peculiar  re» 
gard,  as,  explained  by  Nicolaus  Copernicus ,  a  canon 
in  the  bifhoprick  of  Wermeland  in  Poland ,  in  his 
book  De  revolutionibus  orbium  ccelefiium.  In  order  to 
have  a  diftind  reprefentation  of  the  order  of  the 
planets  in  their  motions  round  the  fun,  machines 
have  feen  devifed,  in  which  certain  balls  move  in 
the  manner  of  the  heavenly  bodies,  by  means  of 
wheels,  fcrews,  and  pinions.  Huygens's  defcripnon 
of  his  excellent  Automaton  planetarium  is  well  known. 
The  Syflema  Cfernicanum ,  in  the  pbyfical  cabinet  of 
the  duchefs  of  Saxe-Gotha ,  Louifa  Dorothea ,  the  au¬ 
thor  thereof  M.  John  George  Baujfe ,  archdeacon  in 
Gotha ,  has  defcribed,  and  exhibited  in  a  copper 
plate.  At  Paris  M.  Pajjemant  executed  a  clock,  on 
which  hands  an  ingenious  planetarium^  in  which,  by 
means  of  the  clock-work,  the  planets  revolve  round 
Vql,  II,  T  th§ 
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the  fun,  and  the  moon  round  the  earth,  with  fuck 
a  degree  of  juftnefs,  as  that  in  two  or  three  thou* 
fand  years  not  a  degree’s  difference  can  poffibly  hap¬ 
pen  in  the  heavens.  The  teflimony,  which  M. 
Pajfemant  had  from  the  royal  academy  of  fciences, 
February  n,  1749,  to  this  purpofe,  was  commu- 
nicated  to  me  in  perfon  by  M.  Logau ,  a  Silefian  noble¬ 
man,  on  his  return  in  1750  from  Paris ,  and  tarry¬ 
ing  for  fome  days  at  Lipfeck.  On  the  ball  of  the 
earth,  which  is  of  copper,  fiivered  over,  is  a  gene¬ 
ral  map,  with  the  chief  cities  marked  thereon.  A 
circle  on  it  conftantly  diilinguifhes  the  part,  which 
the  fun  enlightens,  from  the  other,  where  it  is 
night  ;  lb  that  at  all  times  one  fees  the  cities,  on 
which  the  fun  rifes,  and  at  which  he  fets  *,  and  alfo 
each  moment  what  time  of  the  day  it  is  in  each 
country.  The  feafons  of  the  year  change,  and  the 
days  increafe  and  decreafe  according  to  the  different 
pofition  of  places.  Under  one  pole  one  fees  a  night 
of  fix  months  fucceeding  each  other,  while  the  op- 
pofite  pole  enjoys  a  conflant  clay  of  fix  months. 
The  moon  each  month  revolves  about  the  ball  of  the 
earth,  and  accompanies  her  in  her  annual  revolu¬ 
tion  about  the  fun.  The  moon  has  her  decreafe  and 
increafe.  And  by  means  of  a  moveable  circle  one 
fees  her  time  of  riling  and  fetting  for  all  the  places 
of  the  earth.  By  pufhing  on  a  wheel,  one  may  in  a 
fnort  time  make  all  the  planets  pais  in  review  before 
one’s  eyes  for  many  centuries  to  come.  And  by  this 
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means  may  be  feen  all  the  future  eclipfes.  And  if 
the  wheel- work  be  made  to  go  back,  all  the  eclipfes* 
that  happened  for  the  preceding  centuries. 

The  common  opinion  about  the  planetary  fyftem* 
which  prevailed  till  the  days  of  Copernicus ,  was  the 
Ptolemaick.  Ptolemy ,  a  mathematician  of  Egypt , 
who  lived  at  Alexandria  in  the  fecond  century,  in 
his  Almageft  placed  the  earth,  as  a  body  at  reft,  in 
the  centre,  and  made  the  moon  revolve  next  round 
her ;  then,  Mercury  \  in  the  third  place,  Venus  \  in 
the  fourth,  the  fun  ;  in  the  fifth,  Mars  \  in  the 
fixth,  Jupiter ,  and  in  the  feventh,  Saturn ,  from 
eaft  to  weft.  But  the  phenomena  of  the  planets, 
as  a  neceffary  confequence  of  the  annual  motion  of 
the  earth,  cannot  be  explained  by  the  Ptolemaick 
fyftem. 

For  this  reafon  Tycho  Brahe ,  who  in  the  fixteenth 
century  had  made  himfelf  famous  by  his  aftronomi- 
cal  labours,  gave  up  the  Ptolemaick  dodrine ;  but 
as  he  was  of  the  opinion,  that  the  Copernican  fyftem 
contradicted  the  fcriptures,  he  devifed  a  new  one, 
fig,  3.  plate  x.  According  to  him  the  earth  is  at 
reft  in  the  centre  of  the  world,  and  round  her  move 
the  moon,  fun,  and  fphere  of  the  fixt  ftars.  About 
the  fun  move  the  five  planets,  among  which  Mer¬ 
cury  and  Venus  fo  continue  their  courfes,  as  never 
to  have  the  earth  between  them  and  the  fun : 
whereas  Mars ,  Jupiter ,  and  Saturn  move  round  the 
earth  in  their  orbits.  The  fun  moves  daily  about 
the  earth.  The  five  planets  at  the  fame  time  with 
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the  fun  move  round  her  every  day  from  eaft  to  weft. 
And  notwithftanding  this,  continue  the  while  their 
proper  motion  about  the  fun.  Gajfendi ,  who  in  his 
life  of  Tycho ,  book  3.  delivers  this  doCtrine,  men¬ 
tions  on  that  occafion*  that  Tycho  himfelf  had  in¬ 
ferred  it  in  chap.  8.  of  his  book  on  the  comet,  which' 
he  obferved  in  1577  and  1578  at  Uranihurg .  This 
book  is  the  fecond  Be  mundi  setherei  recentioribus 
phammenis.  The  path  of  the  planets  goes  yearly 
with  the  fun  through  the  zodiack.  But  now  in  order 
to  explain  the  retrogradation  of  the  planets ;  the 
Tychonick  aftronomers  make  each  planet  fo  to  con¬ 
tinue  its  motion,  as  in  its  path  to  defcribe-  curve 
lines,  refembling  fpiral  lines.  In  Doppelmaier*  s  Atlas 
cceleflis  they  are  reprefented,  charts  9  and  10.  From 
among  the  mathematical  inftruments  of  the  late  Mr. 
profeffor  Haufen  I  procured  a  cycloidal  machine, 
by  which  the  Tychonick  motions  of  the  planets  may 
be  imitated,  which  M.  Haufen  fome  years  before 
his  death  had  procured  out  of  Denmark. 

What  therefore  in  the  folar  and  planetary  fyftem, 
according  to  the  Copernican  doCtrine,  may  be  ex¬ 
plained  by  a  few  rules  in  an  eafy  manner,  is  in  the 
Tychonick  fyftem  rendered  perplexed  and  difficult  to 
the  underftanding  by  a  multiplicity  of  rules.  And 
thus  what  reafon  can  there  be  that  we  ffiould  prefer  the 
Tychonick  to  the  Copernican  fyftem  ?  The  laid  by  no 
means  contradicting  any  propofitions  of  fcripture. 
We  may  fpeak  of  bodies  in  a  twofold  manner  •,  op¬ 
tically,  on  exprdling  the  phenomena,  that  arife  by 
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die  light  in  the  eye;  and  phyfically,  on  faying 
what  agrees  to  bodies,  without  their  light  ading  on 
the  eye.  Both  holds  true.  Of  the  ftars  the  facred 
writers  fpeak  optically  ;  aftronomefs,  phyfically  ; 
fo  that  there  is  no  contradidtion  between  them  ;  as 
what  holds  only  between  fuch  perfons,  one  of  whom 
denies,  what  the  other  affirms  of  one  and  the  fame 
thing. 


CHAP.  III. 

Of  the  Orbits,  Diftances,  and  Magnitudes  of 

the  Planets. 

§.  606.  H  E  earth  and  the  other  primary  pla- 
JL  nets,  in  their  motions  round  the  fun, 
defcribe  elliptick  lines.  In  F,  fig.  11.  plate  11.  the 
focus  of  fuch  a  line,  is  placed  the  fun.  And  the 
radius  vector  F  G  (§.  104),  drawn  from  the  centre 
of  the  fun  in  F  to  that  of  the  planet  G,  defcribes  in 
equal  times  equal  areas :  or  the  areas,  defcribed  by 
it,  are  to  each  other,  as  the  times,  in  which  they 
are  defcribed.  This  law  of  the  motion  of  the 
planets  Kepler  firfi  difcovered  by  dint  of  genius,  and 
great  care  in  making  obfervations,  as  appears  from 
his  Commentarii  de  motibus  ftella  Martis .  Before  his 
time  aftronomers  held  the  planetary  circles  or  orbits 
for  eccentrick.  But  experience  taught,  that  the  cal¬ 
culations,  made  by  fuch  circles,  difagreed  with  the 
phsenomerfa  of  the  planets.  In  part  cu’ar,  Kepler 
found,  that  the  theory  of  eccentrick  circles  did  by 
1  T  3  no 


277 


278  Of  the  System  of  the  World. 

no  means  fuit  the  motion  of  Mars.  A  body,  mov¬ 
ing  in  an  ellipfis,  runs  ever  quicker,  the  nearer  in 
its  path  it  approaches  to  the  focus  ;  and  on  the  con¬ 
trary,  ever  flower,  the  more  diflant  therefrom  (§. 
104,  105).  Both  thefe  particulars  are  conflantly 
obferved  in  the  planets. 

§.  607.  The  point  A,  where  the  planet  is  neared 
the  fun  in  F,  is  called  the  peri  helium  :  on  the  con¬ 
trary,  the  point  a ,  in  which  it  is  at  the  greatefl  di- 
dance  therefrom,  the  aphelium. 

,  §.  608.  The  motion  of  the  moon  round  the  earth 
(§.  584.)  happens,  according  to  Keplers  doctrine,  in 
an  eilipfis  5  in  whofe  focus  F  is  the  earth,  fig.  11. 
plate  11.  The  point  A,  where  the  moon  is  neared 
the  earth  in  F,  is  called  her  perigceum  ;  and  the  point 
a,  where  die  is  at  the  greatefl  didance  from  the 

earth,  her  apogaum. 

§.  609.  The  right  line  A  a,  drawn  from  the  lead 
didance  of  a  planet  from  the  focus  F  to  its  greatefl 
didance,  is  called  the  line  of  the  apfides :  the  didance  of 
the  focus  F  from  the  centre  of  the  ellipfis  C  is  called  the 
eccentricity  :  and  the  line,  drawn  from  the  centre  of 
the  fun,  or  of  a  primary  planet  in  F,  to  the  ellip- 
tick  path  of  a  primary  or  fecondary  planet,  is  called 
the  difiance .  In  a  the  planet  has  the  greatefl,  and 
in  A  the  lead  didance.  That  didance,  which  is 
exceeded  by  the  greatefl  about  fo  much,  as  this  ex¬ 
ceeds  the  lead,  is  called  the  mean  diflance.  For  in- 
dance,  if  F  a  =  61,  and  F  A  =  53  ;  the  mean  is 
equal  57.  It  is  found,  fo  you  halve  the  dun  of  the 
greatefl  and  lead.  If  with  the  fe ini- axis  C  a  a  circle 

be 
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be  defcribed  through  the  aphelion  a ,  and  perihelion 
A5  it  is  called  the  eccentrick  circle.  Suppofe  a  planet 
to  be  for  inftance  in  <?,  let  a  line,  from  the  centre 
of  the  planet  in  be  drawn  perpendicular  to  the 
line  of  the  apfides  A  <2,  and  produced  from  o  to  the 
point  K  of  the  eccentrick  circle,  juft  now  mention¬ 
ed  :  the  arch  K  a  of  the  eccentrick  circle  between 


the  point  K,  at  which  it  is  interfered  by  the  {aid 
perpendicular  line,  and  between  the  point  a  in  the 
line  of  the  apfides,  is  called  the  eccentrick  anomaly. 

§,  6  io.  The  fateliites  of  Jupiter  and  Saturn  move 
by  juft  the  very  fame  laws,  by  which  the  primary 
planets  defcribe  their  elliptick  orbits. 

§.  6ii.  According  to  Caffini ,  the  greateft  diftance 
of  the  moon  is  =  61  ;  the  mean  =  57,  and  the 
lead  ==  53  femidiameters  of  the  earth. 

The  diftances  of  the  moon  from  the  earth  are 
found  by  means  of  her  parallax  (§.  485).  Suppofe 
the  moon,  for  inftance,  in  her  orbit  to  be  in  S,  fig. 
16.  plate  vii.  The  moon,  obferved  by  a  fpedtator, 
on  the  earth’s  furface  in  E,  appears  in  the  heavens 
to  be  in  C.  But  to  a  fpedtator,  fuppofed  to  be  at 
the  centre  of  the  earth  in  T,  fire  would  appear  at 
the  fame  time  to  be  in  the  heavens  at  B.  The 


place  B  is  called  the  true  optical y  and  C,  the  appa¬ 
rent  optical  place  y  the  diftance  between  both  places, 
the  parallax  of  altitude  ,  and  the  angle  C  S  B,  to 
which  the  angle  T  S  E  is  equal,  the  paralla&ick 
angle,  and  fometimes  the  parallax  itfelf.  Now  it 
together  with  this  angle  S,  fig.  13.  plate  vn.  the 
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height  of  the  moon  above  the  horizon  S  R  is 
known  ;  the  diftance  of  the  moon  from  the  earth 
may  be  found,  as  follows :  If  you  dedudt  the  height 
S  R ,  from  the  quadrant  R  Z  ;  there  remains  the 
arch  S  Z,  which  is  the  meafure  of  the  angle  Z  A  S. 
In  the  triangle  A  S  T  there  are  thus  three  known 
quantities  :  the  quantity  of  the  fide  A  T,  the  femi- 
diameter  of  the  earth  ;  the  quantity  of  the  angle  S, 
which  reprefents  the  parallax  ;  and  the  angle  Z  AS, 
whole  fine  may  be  taken  for  the  fine  ot  the  obtufe 
angle  S  A  T  in  the  triangle.  And  thus  the  conclu- 
fion  is  as  follows  :  As  the  logarithm  of  the  fine  of 
the  angle  A  S  T,  to  the  logarithm  of  AT;  fo 
is  the  logarithm  of  the  fine  of  the  angle  Z  A  S  to 
the  logarithm  of  T  S.  This  logarithm  found  fhew§ 
in  the  tables  the  line  T  S,  the  diflance  of  the  moon 
from  the  earth. 

At  prefent  attempts  are  making  for  finding  the 

*  V. 

moon’s  parallax,  in  fo  far  as  it  is  taken  in  a  gene¬ 
ral  fenfe,  on  obferving  the  moon  at  the  fame  time 
at  two  different  places  on  the  earth’s  furface. 
In  this  fenfe,  the  parallax  is  an  angle,  formed  by 
two  lines,  imagined  to  be  drawn  by  two  obfervers 
from  two  different  places  on  the  earth’s  furface 
to  the  moon.  France  has  c  ho  fen  Mefs.  de  la  Caille 

i.  1  -  .  '  ».  -  .  , 

and  de  la  Lande  to  be  Rich  obfervers.  The  firft  fet 
put  from  Paris -October  21,  1750,  for  the  cape  of 
Good  Hope ,  where  he  arrived  April  29,  1751.  The 
laft  aftronomer  in  fome  months  after  departed  for 

V  •  1  C  A 

Berlin ,  with  the  intention  of  obferving  the  moon 

there 
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there  at  the  fame  time  ;  in  order  to  be  able  to  deter¬ 
mine  her  parallax,  and  by  that  means  her  diftance 
from  the  earth,  more  accurately.  This  diftance 
has,  indeed,  in  our  day  been  already  fo  far  deter¬ 
mined,  as  that  we  may  aflume  its  quantity  with¬ 
out  apprehending  a  miftake  therein  of  even  io©o 
miles.  And  fuch  a  miftake  or  error  is  to  be  deem¬ 
ed  inconfiderable,  when  we  refled,  that  the  mean 
diftance  of  the  moon  from  the  earth  amounts  to 
50000  German  miles.  But  it  has  been  attempted  fo 
to  diminiih  this  miftake  or  error,  as  to  be  only  iqo, 
nay  50  miles  only.  The  moon*  in  her  diftance,  is 
at  an  inacceftible  height.  In  order  to  meafure  fuch 
a  height,  a  bafe  is  pitched  upon,  at  whofe  extre¬ 
mities  a  feveral  perfon  looks  upwards,  and  imagines 
lines  to  be  drawn  from  thefe  extremities.  So  that  a 
triangle  arifes,  in  whofe  vertex  is  the  height.  The 
bafe,  and  the  angles  thereat,  are  meaftired.  Now 
if  the  bafe  is  not  too  fmall  againft  the  diftance  of 
the  height ;  it  may  be  found  from  the  three  known 
parts  of  the  triangle  with  perfed  juftnefs.  Now  in 
order  to  have  a  bafe  of  fufficient  magnitude  in  the 
triangle,  in  whofe  vertex  is  the  moon  \  for  the 
one  ftation  the  cape  of  Good  Hope  was  chofen,  fo 
diftant  from  another  ftation  in  Europe ,  as  that  the 
lines,  imagined  to  be  drawn  from  both  places  to 
the  moon,  might  with  each  other  form  at  her  aeon- 
fiderable  angle.  Then  again,  the  meridian  of  the 
cape,  in  regard  to  the  parts  of  Europe  has  a  very 
commodious  pofition.  For,  it  pafles  through 

Cracow 
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Cracow  in  Poland ,  and  through  Upfal  in  Sweden , 
and  through  other  places ;  or,  at  a  very  fmali  diff 
tance  along  fuch  places,  where  fkilful  aftronomers, 
furnifhed  with  proper  inftruments,  might  make  juft 
obfervations,  favouring  M.  de  la  Caille's  labours. 
For,  in  all  places,  which  this  meridian  touches,  the 
moon  culminates  at  the  fame  time,  or  at  the  fame 
tune  paffes  through  it.  Alfo  did  an  obferver  of  the 
culminating  moon  in  Europe  happen  to  be  without 
the  meridian  of  the  cape  of  Good  Hope ;  his  obferva¬ 
tions  might  be  fo  advantageoufly  altered  and  ad- 
jufted,  as  that  they  might  pafs  for  obfervations, 
made  under  the  very  fame  meridian.  The  arch  of 
the  meridian  between  Berlin  and  the  faid  cape  con¬ 
tains  86°  1 6  or  1294  German  miles.  If  in  the  courfe 
of  obferving  from  both  thofe  places  fo  far  diftant 
afunder  lines  are  fuppofed  to  be  drawn  to  the  moon; 
there  arifes,  indeed,  a  mixt  triangle ;  as  the  bafe 
between  both  the  ftations  is  an  arch  of  a  circle  :  fo 
that  there  appears  an  obftrudtion  to  interpofe  to  the 
menfuration  of  the  moon’s  diftance :  but  it  may  be 
eafily  removed.  As  inftead  of  the  arch  of  86°  16' 
we  need  only  take  its  chord,  which  is  1176  German 
miles  long.  Only  the  queftion  is,  how  we  are  to 
meafure  the  angles  at  this  bafe  ?  The  common 
pradtical  geometry  can  afford  no  affiftance  in  this 
cafe;  we  cannot  from  the  one  ftation  fee  the  other, 
the  furface  of  the  earth  being  convex,  and  Berlin  by 
much  too  diftant  from  the  cape  of  Good  Hope.  But 
in  that  cafe  aftronomy  is  not  without  her  refources. 
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At  Berlin  on  a  certain  day,  when  the  moon  culmi¬ 
nates,  the  angle  is  meafured,  under  which  the  ap¬ 
pearing  moon  is  diftant  at  Berlin  from  the  zenith  ; 
and  from  the  quantity  of  this  angle  the  quantity  of 
the  angle  may  be  known,  which  the  line,  drawn 
from  Berlin  to  the  culminating  moon,  forms  with 
the  bafe  at  Berlin .  In  like  manner  may  the  angle 
be  found  at  the  other  extremity  of  the  bafe  at  the 
cape  of  Good  Hope .  But  yet  it  is  not  to  be  denied, 
but  that  notwithstanding  the  ufe  of  the  bed  inftru- 
ments,  an  error  of  fome  feconds  may  deal  in,  which, 
in  determining  the  didance  of  the  moon  from  the 
earth,  caufes  a  confiderable  error.  Hence  another 
refource  is  taken  up,  in  order  to  avoid  this  danger. 
We  meafure  the  angle,  formed  at  the  moon  by 
both  the  lines,  imagined  to  be  drawn  to  her  from 
both  the  flations,  and  called  her  parallax.  If  this 
angle  is  meafured  with  the  greated  accuracy,  one  of 
the  angles  at  the  bafe  may  be  omitted  in  the  calcu¬ 
lation,  and  on  account  of  the  other,  in  determining 
the  moon’s  diflance  from  the  earth  we  have  no  con- 
.  fiderable  error  to  apprehend,  were  even  the  true 
quantity  of  this  other  angle  at  thq  bafe  meafured 
not  perfectly  fo  accurate.  But  in  order  to  find  the 
angle  at  the  moon,  or  her  parallax,  the  following 
operation  is  to  be  made.  Both  obfervers,  in  one  and 
the  fame  culmination,  rnufl  obferve  at  once  one 
and  the  fame  fixt  dar,  and  meafure  its  apparent  dis¬ 
tance  from  one  and  the  fame  limb  of  the  moon  by 
means  of  a  micrometer.  For,  be  two  places  on  the 

earth’s 
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earth’s  furface  neyer  fo  diftant  afunder  ;  yet  two 
obfervers  therein  fee  one  and  the  fame  fixt  ftar  in 
one  and  the  fame  place  in  the  heavens,  on  viewing 
it  at  the  fame  time.  But  if  thefe  two  perfons  obferve 
the  moon  at  the  fame  time ;  fhe  appears  to  each  in 
a  different  place.  And  thus  the  one  obferver  will 
perceive  the  moon  at  a  lei’s  ;  and  the  other,  at  a 
greater  diftance  from  the  fixt  ftar.  Suppofe  the  fixt 
ftar  to  be  in  A,  fig.  1 6.  plate  vii.  and  one  obferver 
to  fee  the  moon  in  C  ;  and  the  other,  in  B;  the  ap~ 
parent  diftance  C  A  of  the  moon  from  the  fixt  ftar 
would  be  greater  than  her  apparent  diftance  BA 
from  the  fame  ftar.  And  deducting  B  A  from  C  A, 
the  remaining  arch  C  B  gives  the  parallax,  and 
confequently  the  meafure  of  the  angle  at  the  moon 
at  S.  The  operations  of  both  the  aftronomers,  the 
one  at  Berlin ,  and  the  other  at  the  cape  of  Good 
Hope,  obferving  the  moon,  confided  therefore  in 
this.  Both  of  them,  in  one  the  fame  culmination 
of  the  moon,  obferved  one  and  the  fame  fixt  ftar, 
in  the  direction  of  the  meridian.  Each  of  them 
with  an  inftrume'nt  inveiligated  at  the  fame  time 
the  apparent  diftance  of  this  fixt  ftar  from  one  and 
the  fame  limb  of  the  moon,  And  one  of  them 
meafured  an  angle  at  the  bafe. 

This  is  the  notion,  which  Mr.  profeffor  Heinfius , 
in  a  publick  difcourfe,  pronounced  in  the  philofo- 
phical  hall  at  Lipfick  on  February  24,  1752,  gave 
of  the  moft  principal  operations,  undertaken  at  two 
fo  diftant  places,  as  Berlin  and  the  cape  cf  Good 

Hope% 


Of  the  System  of  the  Worlh. 

tlope,  for  the  more  accurately  determining  the 
moon’s  parallax.  M.  de  la  Lande  hasdefcribed  the 
obfervations  he  made  at  Berlin  in  the  mcmoires  of 
the  Berlin  academy  T.  6.  in  two  memoiresp.  236-— 
279,  and  p.  379—41 1. 

§.  612.  According  to  Caffm? s  calculation  the 
greateft  diflance  of  the  earth  from  the  fun  is  == 
22374 ;  the  mean  =  22000,  and  the  lead  = 
21626  femidiameters  of  the  earth. 

The  diftance  of  the  earth  from  the  fun  may  be 
found,  on  knowing  the  diftance  of  the  moon  from 
the  earth,  and  her  elongation  from  the  fun.  Sup- 
pole  the  earth  in  T,  fig.  15.  plate  vn.  the  moon  in 
L,  and  the  fun  in  S.  In  the  triangle  L  T  S  the 
angle  at  L  which  the  line  S  L  forms  with  the  femi- 
diameter  of  the  moon’s  orbit,  is  a  right  angle. 
The  angle  at  T  has  the  elongation  of  the  moon  for 
its  meafure.  Deducting  the  fum  of  both  thefe 
angles  from  180,  there  remains  the  angle  at  S, 
And  therefore  we  have  three  known  quantities. 
And  thus  we  form  the  following  conclufion.  As 
the  fine  of  the  angle  S  to  the  diftance  T  L  of  the 
moon  ;  fo  is  the  fine  total  of  the  angle  at  L,  to  the 
the  line  T  S,  the  diftance  of  the  earth  from  the  fun. 

§.  613.  We  allow  the  mean  diftance  of  the  earth 
from  the  fun,  or  the  femidiameter  of  her  eccentrick 
circle,  1000  equal  parts.  In  fuch  parts  in  gene¬ 
ral,  we  compare  together  and  determine  the  dis¬ 
tances  of  the  planets  from  the  fun,  as  Gravefande 
fhews  in  his  Elementa  mathematica  phyßces ,  §.  954— 

1  .  963* 
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963.  The  mean  diitance  of  Mercury  is  387;  of 
Venus,  723;  of  Mars,  1524;  of  Jupiter ,  5201  j 
and  of  Saturn ,  9538.  The  greatcft  diitances  are 
found,  on  adding  to  the  mean  diitance  of  each  feve- 
ral  planet  its  eccentricity,  and  the  lead:  diitance  on 
deducting  the  eccentricity.  The  eccentricity  of 
Saturn  is  547  •,  of  Jupiter ,  25© ;  of  Mars,  14 1  ;  of 
the  earth;  169;  of  Venus  ,  5;  and  of  Mercury  y  80» 
For  inftance,  the  mean  diitance  of  Saturn  is  9538. 
If  to  this  you  add  the  eccentricity  547,  the  greateft 
diitance  is  10085.  But  if  from  the  faid  mean  dis¬ 
tance  you  dedudt  the  eccentricity,  the  lead  diitance 
is  8991. 

If  the  mean  diitances  are  divided  by  100  *  the 
mean  diitance  of  Saturn  will  be  95  ;  of  Jupiter ,  52  5 
of  Mars,  15;  of  the  earth,  10;  of  Venus,  7*  and 
of  Mercury ,  almoit  4. 

§.  614.  In  femidiameters  of  the  earth  the  mean 
diitance  of  the  earth  from  the  fun  contains  22000 
(§.  612).  The  mean  diitances  of  the  planets  in  fe- 
rnidiameters  of  the  earth  are  found  by  the  rule  of 
three.  For,  as  the  mean  diitance  of  the  earth  is  in 
general  to  the  mean  diitance  of  a  planet  in  1000 
parts ;  fo  the  mean  diitance  of  the  earth  is  to  the 
mean  diitance  of  a  planet  in  femidiameters  of  the 
earth.  In  thele  parts  therefore  the  mean  diitance  of 
Saturn  is  209836  j  of  Jupiter ,  1 14400;  of  Mars, 
33528;  of  Venus,  15906,  and  of  Mercury,  8514. 

The  greateft  and  lead:  diitances  in  femidiameters 
of  the  earth  we  find  by  the  rule  of  three.  We  in  ge¬ 
neral 
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fteral  compare  in  each  planet  its  mean  didance  as 
well  with  its  greated,  as  alfo  with  its  lead  613) 
then  we  take  its  mean  didance  in  femidiameters  of 
the  earth  ;  and  at  length  from  thefe  three  numbers 
feek  the  fourth,  as  the  greated  or  lead  didance  in 
femidiameters  of  the  earth.  For  indance,  the  greated 
didance  of  Saturn  amounts  to  221870.  For 
9538  :  10085  :  :  209836  :  221870. 

The  didances  of  the  planets  from  the  earth  in  fe¬ 
midiameters  thereof  are,  according  to  Gajfini ,  of 
the  following  quantities. 


Greated. 

Mean. 

Lead  didance. 

73 

244000 

2IOOOO 

1 76000 

V 

143000 

I  1 5OOO 

87000 

cf 

59000 

33500 

8000 

2 

38000 

22000 

6000 

% 

33000 

2  2000 

I  lOOO 

According  to  Gafin? s  calculation,  the  fird  fateF 
lite  is  didant  from  Jupiter  5  | ;  the  fecond,  9  ;  the 
third,  14  §§,  and  the  fourth,  25  T?5  jovial  femidiame¬ 
ters.  The  didances  of  the  fatellites  of  Saturn  are  ex- 
prefied  in  diameters  of  his  ring.  The  didance  of 
the  fird  is  in  dich  diameters  1  ;  of  the  fecond,  2 

\  ;  of  the  third,  3  ~ ;  of  the  fourth,  8  ;  and  of  the 
fifth,  24. 

§.  615.  The  times,  in  which  the  planets  finidi 
their  courfe  in  their  orbits  round  the  fun,  are  dich, 
that  their  fquares  are  to  each  other,  as  the  cubes  of 
the  didances  from  the  fun.  For  indance,  Saturn  ac- 
'  complidies  his  period  almod  in  30  years,  and  Ju- 

%  piter 
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fiter  in  12.  The  fquare  of  30  is  900  ;  and  of  12# 
144  (§.  587).  The  diflance  of  Saturn  to  that  of 
Jupiter ,  is  as  95  to  52  (§.  613).  The  cube  of  95 
is  857375  ;  and  of  52 *  140608.  This  laft  is  to  the 
firft  as  1  to  6  ;  and  juft  fuch  is  the  proportion  of 
the  fquare  144  to  the  fquare  900. 

The  fatellites  of  Jupiter  and  Saturn  accomplifh 
their  revolutions  round  them  in  like  manner  in  fuch 
times,  whole  fquares  are  to  each  other,  as  the  cubes 
of  the  diftances,  at  which  thefe  fatellites  are  removed 
from  their  primary  planets. 

§.  616.  In  order  to  compare  the  furfaces  and  mag¬ 
nitudes  of  the  fun  and  planets  with  the  furface  and 
magnitude  of  the  earth  ;  we  are  in  the  firft  place 
to  enquire  into  the  ratio  of  their  diameters  to  the 
diameter  of  the  earth.  For,  fpheres  are  to  each 
other,  as  the  cubes;  and  their  furfaces,  as  the  fquares 
of  their  diameters. 

'The  diameter  of  the  moon  to  the  diameter  of  the 
earth,  is  as  1  to  4  nearly.  Suppofe  the  moon  to 
be  in  S,  fig.  16.  plate  vn.  and  ET  to  reprefent  the 
femidiameter  of  the  earth.  The  moon  viewed  from 
E  and  T,  the  angle  C  S  B  is  the  paralla&ick  angle,’ 
and  C  B  the  meafure  of  the  parallax.  The  angle 
T  S  E  is  equal  to  the  paralladtick  ;  for,  both  are 
vertical  angles.  And  thus  if  a  fpedtator  in  the 
moon  viewed  the  earth’s  femidiameter  T  E ;  it  would 
appear  as  big  to  him,  as  would  on  the  earth  the 
moon’s  parallax  C  B,  on  viewing  the  moon  from* 
T  and  E.  We  may  therefore  take  the  parallax  of  the 
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moon  for  the  apparent  femidiameter  of  the  earth, 
and  confequently  fay  :  As  the  parallax  of  the  moon, 
or  the  angle  which  the  apparent  femidiameter  of  the 
earth  fubtends  at  the  moon,  is  to  the  apparent  femi¬ 
diameter  of  the  moon  ;  fo  is  the  true  femidiameter 
of  the  earth,  to  the  true  femidiameter  of  the  moon«, 
Her  parallax  in  her  lead  diftance  is  i°  i  25  =5 
3685'',  and  her  apparent  femidiameter  16  ' 21"  =3 
98  And  thus  the  femidiameter  of  the  earth  is  to 
the  femidiameter  of  the  moon,  as  3685  to  981.  But 
the  femidiameters  of  two  fpheres  are  to  each  other 
as  the  diameters.  And  therefore  if  981  was  con¬ 
tained  four  times  compleatly  in  3685;  the  furface 
of  the  moon  would  be  to  that  of  the  earth,  as  x 
to  1 6,  and  her  magnitude  or  folid  contents  to  that 
of  the  earth,  as  1  to  64. 

The  diameter  of  the  earth  is  to  the  diameter  of 
the  fun,  as  1  to  152  J.  Suppofe  the  fun  to  be  in. 
S,  fig.  16.  plate  vn.  To  a  fpedtator  in  the  fun,  view¬ 
ing  the  earth’s  femidiameter  T  E,  it  would  appear 
as  large,  as  his  parallax  to  one,  viewing  him  from 
T  and  E.  And  thus  we  may  put  the  fun’s  paral¬ 
lax  for  the  apparent  femidiameter  of  the  earth  at  the 
fun,  and  conclude  in  the  foregoing  manner  :  as 
the  parallax  of  the  fun,  or  the  apparent  femidiame¬ 
ter  of  the  earth  at  the  fun,  to  the  apparent  femidia¬ 
meter  of  the  fun  •,  fo  is  the  true  femidiameter  of  the 
earth  to  the  true  femidiameter  of  the  fun.  The  fun’s 
parallax  at  his  mean  diftance  is  6  ',  and  his  apparent 
femidiameter  15'  15''  =,  915"«  And  thus  the  true 
Vol.  II.  U  diameter 
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diameter  of  the  earth  is  to  the  true  diameter  of  the 
fun,  as  6  to  915,  that  is,  as  1  to  152  i,  on  divid¬ 
ing  both  numbers  by  6.  And  therefore  the  furface 
of  the  earth  is  t6  the  furface  of  the  fun,  as  1  to 
23104  j  and  the  folid  contents  of  the  earth  to  the  fo- 
Jid  contents  of  the  fun,  or  their  magnitudes  to  each 
other,  are  as  1  to  3,511,808.  Out  of  the  fun  there¬ 
fore  above  three  millions  of  earths  might  be  formed. 

The  diameters,  furfaces,  and  magnitudes  of  the 
inferior  and  fuperior  planets,  are  to  the  diameter, 
furface,  and  magnitude,  or  folid  contents  of  the  fun, 
in  the  following  ratio. 


The  diameter  to 

The  furface  to 

Magnitude  to  the 

the  diameter  O . 

the  furface  0  • 

magnitude  0* 
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i  :  ,4574296 
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1  :  84 

i  :  7056 

1  :  5927° 4 

2 

8  :  290 

1  :  84100 

1  :  24389000 

In  order  to  difeover  what  ratio  the  diameter  of  a 
•planet  has  to  that  of  the  fun  :  we  mu  ft  enquire,  how 
large  the  femidiameter  as  well  of  the  planet,  as  alfo 
of  the  fun  would  appear,  were  planet  and  fun  viewed 
at  one  and  the  fame  diftance  from  the  earth.  Sup- 
pofe  the  earth  in  O,  fig.  3.  plate  v.  the  femidiame- 
trr  of  the  planet  to  be  A  D,  and  of  the  fun  A  /. 
As  planet  and  fun  appear  as  difks  ;  the  ray  of  light 
O  A,  coming  from  the  centre  of  thefe  difks  to  the 
eye,  Hands  perpendicular  on  A  D  and  A  /.  But 
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Ö  A  is  at  the  fame  time  the  diftance,  at  which  one 
fees  as  well  A  D  as  A  /.  Defer ibe  we  a  circle  with 
this  diftance  ;  this  diftance  is  a  fine  total,  and  the 
lines  A  D  and  A /are  tangents  of  the  angles  A  O  D 
and  AO/,  under  which  A  D  and  A/ are  feen.  The 
faid  angles  are  called  the  apparent  magnitudes  of  the 
true  A  D  and  A  /  (§.  193).  The  tangents  of  thefe 
apparent  magnitudes  are  to  each  other,  as  their  true 
magnitudes  A  D  and  A  /.  The  true  femidiameter 
A  D  of  the  planet  is  thus  to  the  true  femidiameter 
A/ of  the  fun,  as  the  apparent  femidiameter  A  O  D 
of  the  planet  to  the  apparent  femidiameter  AO/ 
of  the  fun.  Now  if  it  be  aftked,  how  to  find,  how 
great  the  femidiameter  of  a  planet  would  appear,* 
when  viewed  at  the  diftance  of  the  fun  from  the 
earth  ?  The  apparent  magnitudes*  v/hich  are  only  a 

few  minutes*  are  in  the  inverfe  ratio  of  their  dF 
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fiances,  as  baron  Wolfius  has  fhewn  in  his  Elementa 
Optices ,  §.  212.  And  thus  the  apparent  diameter 
of  the  planet,  to  the  apparent  diameter  of  the  fun, 
is  inverfely  as  the  diftance  of  the  fun  to  the  diftance 
of  the  planet  from  the  earth.  For  inftance,  the  mean 
diftance  of  the  fun  is  to  the  mean  diftance  of  Jupiter 
from  the  earth,  as  22000  to  1 15000,  that  is,  as  1 
to  5.  The  apparent  diameter  of  Jupittr ,  according  to 
Huygens ,  is  =  64".  And  thus  if  Jupiter  flood  in  the 
place  of  the  fun,  his  apparent  diameter  would  be 
320".  For,  1  :  5  :  :  64  :  320.  The  apparent  dia¬ 
meter  of  the  fun,  according  to  Kepler ,  is  1830F 
And  therefore  the  true  diameter  of  Jupiter  is  to  the 
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true  diameter  of  the  fun,  as  320  to  1830,  that  is, 
as  2  to  11,  on  dividing  both  numbers  by  160. 

As  the  fun’s  femidiameter  is  equal  to  152  femi- 
diameters  of  the  earth  the  femidiameter  of  Saturn 
amounts  to  20  ^  •,  of  his  ring,  4^  ^  ;  of  Jupiter , 
27  fT  j  of  Mars,  l\  ;  of  Venus ,  1  and  of  Mr- 
cury,  For,  as  the  femidiameter  of  the  fun  to 
the  femidiameter  of  a  planet  in  general  *  fo  is  the 
femidiameter  of  the  fun  in  femidiameters  of  the 
earth,  to  the  femidiameter  of  the  planet  in  fernidia- 
meters  of  the  earth.  For  inflarace,  the  femidiame¬ 
ter  of  the  fun  is  to  the  femidiameter  of  Saturn  in  ge¬ 
neral,  as  37  to  5.  Confequently,  37  :  5  :  :  152  : 
20  I?. 

/  C  FI  A  P.  IV. 

Of  the  Forces,  by  which  the  Planets  con¬ 
tinue  in  their  Orbits. 


§.  617.  riF^PIE  primary  planets  could  not  move 
JL  round  the  fun,  nor  the  fecondary,  or 
fatellites,  round  their  primary  planets,  were  not 
the  primary  planets  conftantly  retraced,  or  drawn 
back  (§.  100.)  to  the  fun,  and  the  fecondary  to  the 
primary,  by  a  centripetal  force,  out  of  the  right 
line,  in  which  they  leek  to  run  off  by  a  centrifugal 
force.  This  centripetal  force  is  the  very  fame  with 
gravity  (§.  17.  91).  And  thus  the  planets  are  re¬ 
tained  in  their  elliptical  orbits  (§  606.)  by  gravity. 
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The  fquares  of  the  periodical  times  of  the  planets 
are  to  each  other,  as  the  cubes  of  their  mean  diflances 
§.615).  This  is  a  property  of  the  bodies,  whofe 
centripetal  forces,  by  which  they  continue  in  their 
orbits  round  a  centre,  are  to  each  other  inverfely  as 
the  fquares  of  their  diflances  §.  109).  Now  as  the 
vis  centripeta  and  gravity  are  one  and  the  fame 
thing  •,  it  is  thence  clear,  that  the  gravity  of  the  pri¬ 
mary  planets  towards  the  fun,  and  of  the  fecondary 
towards  their  primary  planets  muft  decreafe,  as  the 
fquares  of  the  diflances  of  the  firff  from  the  fun,  and 
of  the  laft  from  their  primary  planets  increafe. 

In  an  arch,  which  the  moon  defcribes  in  a  minute 
of  time,  flie  approaches  to  the  centre  of  the  earth 
by  a  fpace,  equal  to  that,  through  which  a  body 
at  the  earth’s  furface  falls  in  a  fecond  by  virtue  of  its 
gravity.  This  may  be  known  in  the  following  man¬ 
ner  :  The  moon  fini  flies  her  orbit  in  39343  minutes 
of  time  (§.  584).  And  thus  the  arch,  flie  defcribes 
in  a  minute  of  time,  amounts  to  33  feconds  of  the 
circle,  as  confiding  of  1296000  feconds.  Suppofe 
this  arch  to  be  L  C,  fig.  4.  plate  x.  and  the  centre 
of  the  earth  T.  Had  the  moon  no  centripetal  force, 
or  gravity  towards  the  earth,  but  was  impelled  by 
the  bare  centrifugal  force  only  ;  in  the  minute,  in 
which  flie  runs  over  the  arch  L  C,  Ane  would  come 
in  the  line  L  B  to  B  ;  and  thus  at  the  end  of  the 
minute  be  diflant  from  C,  and  confcquendy  from 
the  centre  of  the  earth  T,  by  a  fpace  equal  to  the 
line  B  C.  But  flie  defcribes  the  arch  L  C,  and  in 
it  at  the  end  of  the  minute  reaches  the  place  C.  So 
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that  fhe  has  approached  to  the  centre  of  the  earth  by 
a  fpace,  equal  to  the  line  B  C.  Now  drawing  pa¬ 
rallel  to  B  L  the  line  C  D,  and  to  B  C  the  line 
L  D  ;  L  D  is  equal  to  B  C.  And  therefore  L  D 
expreffes  the  fpace,  through  which  the  moon  in  a 
minute  approaches  to  the  centre  T  of  the  earth. 

If  this  approach  happens  along  this  fpace  by  virtue 
of  gravity  ;  the  minute  in  which  the  moon  at  L  falls 
thro’  the  fpace  L  D,  muft  be  to  the  time,  in  which 
on  the  earth’s  furface  at  A  hie  would  fall  thro’ an  equal 
fpace,  as  the  greater  di fiance  T  L  from  the  centre 
of  the  earth  in  T,  to  the  lefs  diftance  T  A  (§.  334), 
We  will  fuppofe  with  Newton  in  his  Principiay  lib, 

3.  prop.  4.  the  mean  diftance  of  the  moon  to  be  60 
femidiameters  of  the  earth  :  And  thus  T  L  to  T  A 
as  60  to  1.  If  therefore  the  moon  falls  in  a  minute 
by  virtue  of  gravity  through  the  fpace  L  D  y  this 
minute  muft  be  to  the  time,  in  which  on  the  earth’s 
furface  fhe  would  fall  through  an  equal  fpace,  as  60 
to  1  ;  that  is,  as  a  minute  to  a  fecond.  And  thus 
the  fpace  LD  muft  amount  to  15  Pans  feet.  For, 
fo  far  a  body  falls  in  the  ftrft  fecond  on  the  earth’s 
furface  by  virtue  of  its  gravity  (§.  34).  The  fpace 
L  D,  through  which  the  moon  in  a  minute,  on 
finifhing  the  arch  L  C,  approaches  the  earth’s  cen¬ 
tre,  is  actually  fo  big.  For,  we  find  the  line  L  D, 
on  dividing  the  fquare  of  the  fmall  arch  L  C, 
which  the  moon  accomplishes  in  a  minute  of  time, 
by  the  diameter  E  L  of  the  moon’s  orbit  (§.  107» 
n.  1).  And  according  to  Picarf  s  menfuration  al¬ 
lowing  19615800  Paris  feet  to  a  femidiameter  of 
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the  earth  ;  E  L  the  diameter  of  the  moon’s  orbit  con¬ 
tains  2353896000  fuch  parts  ;  and  confequently  the 
periphery  of  the  orbit,  7391233440.  If  this  num¬ 
ber  is  divided  by  39343  minutes,  in  which  the  moon 
deferibes  this  periphery,  the  quotient  187871  is  the 
arch  L  C,  which  the  moon  runs  over  in  a  minute. 

The  fquare  of  which  is  35295512641  ;  which  di¬ 
vided  by  the  diameter  2353896000  ;  the  quotient 
gives  1 5  feet  for  L  D.  From  this  it  evidently  ap¬ 
pears,  that  the  force,  which  impels  the  moon  to 
the  centre  of  the  earth,  and  thus  retains  her  in  her 
orbit,  is  one  and  the  fame  thing  with  gravity. 

In  like  manner  M.  Glume  in  his  differtation  De 

/  v 

gravitate  univerfali ,  §.  149.  fhews,  that  the  earth 
in  a  minute  of  time,  on  describing  the  arch  L  C  of 
5 1 54957  feet,  recedes  from  the  right  line  LB, 
which  by  the  vis  centrifuga  alone  fhe  can  finifh  in  a 
minute  of  time,  through  the  fpace  B  C  or  L  D  about 
30  ~  feet,  and  by  this  comes  fo  much  nearer  to  the 
fun. 

CHAP.  Y. 

Of  the  mutual  Actions  of  the  Sun  and 
Planets  on  each  other. 

§.  6 1 8.  rpBE  earth  gravitates  towards  the 
JL  moon  ^  Jupiter ,  towards  his  fatellites  y 
and  Saturn ,  towards  his  *,  and  the  fun  towards  the 
primary  planets.  For,  if  the  moon  by  her  gravity 
aäs  againft  the  earth,  the  earth  adfs  again  ft  her  with 
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equal  intenfenefs  or  force  (§.  8).  Adions  equally 
intenfe  may  be  explained  from  one  and  the  fame 
force.  As  thus  the  moon  in  her  diftance  from  the 
earth  gravitates  towards  the  earth  ;  fo  alfo  does  the 
earth  in  her  diftance  from  the  moon  towards  the 
moon.  In  like  manner  may  the  proof  be  formed 
for  the  gravity  of  Jupiter ,  Saturn ,  and  the  fun. 

§.  619.  The  fun  and  each  primary  planet  there¬ 
fore  remain  by  this  means  united  together,  fo  that 
thefe  laft  gravitate  towards  the  fun,  and  the  lun  to¬ 
wards  the  primary  planets.  And  by  this  very  means 
each  primary  planet  remains  connected  with  its  fa- 
tellites  or  moons. 

When  two  bodies  A  and  B  by  their  gravity  aft 
reciprocally  on  each  other  ;  and  confequently  A  has 
a  tendency  to  fall  to  B,  and  B  to  A  ;  it  is  juft  the 
fame  thing,  as  if  A  was  attracted  by  B,  and  B  by 
A.  And  hence  the  gravity,  with  which  they  aft 
on  each  other,  is  called  the  attraction  (§.  58). 

§.  620.  And  in  this  cafe  the  earth  fhould  be  moved 
out  of  her  place,  when  the  moon  has  now  a  lefs, 
again  a  greater  diftance  from  her  :  And  lor  the  very 
fame  reafon  the  fun  alfo  fhould  be  moved  out  of  his 
place.  For,  when  two  bodies  A  and  C,  fig.  2. 
plate  1.  gravitate  reciprocally  towards  each  other, 
and  remain  together  mutually  conneded  :  it  is  j,uft 
as  much,  as  if  by  means  of  a  rigid  line  ABC  they 
aded  on  each  other  from  the  points  A  and  C,  at 
which  they  may  be  difturbed,  and  fo  united  their 
gravity  in  a  common  centre  B,  that  the  weight 
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of  the  body  A  to  that  of  C  was  inverfely  as  the  de¬ 
fiance  C  B  from  the  common  centre  of  gravity  B,  to 
the  diftance  A  B  from  the  fame.  For,  in  this 
manner  the  bodies  A  and  C,  would  be  equiponde¬ 
rant  (§.  2 1).  Suppofe  the  earth  in  A,  and  her  moon 
in  C  ;  and  A  B  to  reprefent  the  diftance  of  the 
earth,  and  B  C  that  of  the  moon,  from  their  com¬ 
mon  centre  of  gravity:  fuppofing  the  common  cen¬ 
tre  B  of  gravity  to  remain  at  reft ;  and  the  moon  to 
move  from  C  towards  D ;  the  earth  muft  move  out 
of  A  towards  E,  for  both  bodies  to  continue  equi¬ 
ponderant.  If  the  earth  is  in  C,  and  the  fun  in  A  $ 
and  if  the  earth  moves  out  of  C  towards  D  ;  the  fun 
muft  move  out  of  A  towards  E.  But  yet  no  change 
of  place  can  be  obferved  either  in  the  earth,  in  re¬ 
gard  to  her  moon ;  or  in  the  fun,  in  regard  to  the 
earth  and  the  other  planets.  The  reafon  of  which 
is  to  be  fought  for  in  the  magnitude  of  the  mafies 
of  the  fun  and  earth,  and  in  the  fmall  diftance  of 
the  common  centre  of  gravity  from  the  centre  of 
the  fun.  The  earth  and  moon  remain  equiponde¬ 
rant;  if,  for  inftance,  the  mafs  of  the  earth  in  A, 
to  that  of  the  moon  in  C,  is  inverfely  as  B  C 
the  diftance  of  the  moon  from  B,  to  A  B  the  dif¬ 
tance  of  the  earth  from  B.  Now  if  the  moon  re¬ 
moves  from  C  towards  D  ;  the  earth,  to  be  fure, 
muft  alfo  move  out  of  A  towards  E.  But  as  the 
diftance  of  the  moon  out  of  C  towards  D  is  to  her 
firft  diftance  B  C  ;  fo  muft  alfo  the  diftance  of  the 
earth  out  of  A  towards  E,  be  to  her  firft  diftance 
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A  B.  For  inflance,  fuppofe  C  B  to  A  B  as  three 
feet  to  one  foot ;  and  the  body  in  C  to  remove  out 
of  C  T*g  foot  towards  D  :  the  di fiance  of  the  body'in 
A  out  of  A  towards  E  mufl  amount  to  A  only. 
For  i  A :  3  A  :  :  1  :  3.  If  the  body  moves  out  of  C 
towards  B  A  foot,  the  other  body  A  need  only  ap¬ 
proach  A  foot  towards  B.  Now  the  lefs  the  dis¬ 
tance  B  is  from  the  centre  of  the  body  A,  and  the 
greater  number  of  times  the  mafs  of  the  body  A 
exceeds  that  of  the  body  C,  the  more  indifcernable 
the  fpace,  through  which  the  body  Ä  approaches 
to  the  point  B,  when  C  approaches  thereto  ;  or  re¬ 
moves  from  B,  fo  C  removes  from  B.  The  com¬ 
mon  centre  of  gravity  of  the  moon  and  earth  may 
be  diflant  not  above  a  diameter  of  the  earth  from  the 
earth’s  centre.  Newton  in  his  Principia ,  lib.  3. 
prop.  12.  fhews,  that  the  common  centre  of  gra¬ 
vity  of  Jupiter  and  the  fun  is  a  little  way  without 
the  furface  of  this  laft  ,  and  the  common  centre  of 
gravity  of  Saturn  and  the  fun  a  little  way  within  the 
furface  of  the  fun.  And  fbould,  fays  he,  the  pla¬ 
nets  ail  together  come  to  Hand  on  one  fide  of  the 
fun  in  a  line,  one  after  another,  their  and  the  fun’s 
common  centre  of  gravity  would  be  fcarce  an  intire 
diameter  of  the  fun  diflant  from  the  centre  of  the 
fun.  Now  if  this  common  centre  of  gravity,  pro¬ 
ceeds  he,  is  conflantly  at  reft  ;  the  fun,  indeed, 
would,  according  to  the  different  pofitions  of  the 
planets  towards  every  fide,  be  moved,  but  never 
recede  far  from  the  faid  centre  of  gravity.  We  have 

therefore. 
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therefore,  reafon  to  hold  the  common  centre  of  gra¬ 
vity  of  the  earth,  fun,  and  planets  for  the  centre  of 
the  folar  and  planetary  fyftem.  For,  as  thefe  in- 
ceflantly  move  towards  each  other  by  their  gravity  ; 
their  centres,  which  in  like  manner  are  in  motion, 
can  by  no  means  be  held  for  the  quiefcent  centre  of 
the  iolar  and  planetary  fyftem,  And  would  we 
place  a  body,  againft  which  all  bodies  a£t  the  mo  ft 
intenfely  with  their  gravity,  in  this  centre ;  this 
preference  would  be  due  to  the  fun.  But  as  the  fun 
moves,  we  muft  pitch  upon  a  quiefcent  point  for  the 
faid  centre,  from  which  the  centre  of  the  fun  is  the 
leaft  diftant.  The  fun  would  remove  ftill  lefs  from 
it,  were  he  only  denfer  and  larger,  fo  as  to  be  fubjedt 
to  a  lefs  degree  of  motion. 

§.  621.  As  each  moon  or  fatellite  with  its  pri¬ 
mary  planet,  remains  conftantly  connected  by  vir¬ 
tue  of  the  gravity,  with  which  they  reciprocally  a<5t 
on  each  other ;  they  are  both  to  be  confidered  as 
parts  of  a  fingle  body.  Now  if  a  part  A  of  a  body 
C  gravitates  towards  another  body  D,  alio  B  the 
other  part  of  the  body  C  gravitates  towards  D.  And 
:  confequently  the  moon  and  each  fatellite  of  Jupiter 
1  and  Saturn  aCts  with  its  gravity  againft  the  fun,  and 
:!  again  the  fun  with  his  gravity  againft  the  moon 
j|  and  the  fatellites  of  Jupiter  and  Saturn . 

If  the  gravity  of  the  moon  towards  the  fun  was 
i  conftantly  equal fhe  would,  by  the  gravity  towards 
I  the  earth,  ever  defcribe  one  and  the  fame  line  round 
I  the  earth,  But  her  gravity  or  attraction  towards  the 

fun 
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fun  is  now  greater,  again  lefs.  Whence  there  enfue 
in  her  courfe  round  the  earth  many  inequalities, 
whereby  the  curve  lines,  which  at  different  times 
Hie  compleats  round  the  fun,  come  to  differ  from 
each  other.  For  inftance,  fuppofe  the  fun  to  be  ir 

S,  fig.  i.  plate  x.  and  the  earth  in  T,  and  ALB] 
to  reprefen t  the  moon’s  orbit.  If  the  moon  is  in  L 
or  in  the  conjunction  ;  fhe  is  nigher  the  fun,  than 
when  in  A.  In  L  therefore  fhe  has  a  lefs  degree  oi 
gravity  towards  the  earth  T  than  in  A  in  the  qua-., 
dratüre.  And  thus  her  motion  is  quicker  in  L  than 

“N. 

in  A.  In  like  manner  her  gravity  will  be  weake: 
towards  the  earth,  and  confequently  her  motion 
quicker,  when  ihe  is  in  I,  or  in  the  opposition,  than 

when  in  the  quadrature  in  A  or  B.  For,  as  th< 
earth  T  is  nearer  the  fun  than  the  moon  in  I  ;  the 
gravity  of  the  earth  towards  the  moon  will  be  by  fo 
much  leffened,  as  it  is  increafed  towards  the  fun.  It 
like  manner  alfo  on  the  other  hand  the  gravity  of  thi 
moon  towards  the  earth  undergoes  a  decreafe.  Thu 
manifold  deviations,  which  the  fun  by  his  graviq 
towards  the  moon  ever  produces  in  her  orbit,  whicl 
without  the  aftion  of  his  gravity  fhe  would  take 
round  the  earth,  are  deferibed  in  Newton' s  Principle ; 
lib.  3.  prop.  22.  and  in  Gravefande’s  Element  a  phyfices; 

T.  2.  c.  16.  The  academy  of  fciences  at  Peterjhur 5 

in  1750,  appointed  a  prize  of  100  ducats  for  the 

belt  anfwer  to  the  queftion  *,  viz.  Whether  all  the 

inequalities,  obfervabie  in  the  motion  of  the  moon: 

are  conformable  to  the  Newtonian  fyflem  or  no 

Anci 
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And  which  is  the  beft  theory  to  account  lor  thefe 
inequalities  ?  in  order  to  determine  the  place  of  the 
moon  for  any  particular  time.  M  Clair aut  gained 
this  prize.  His  writing  came  out  under  the  title  ; 
Theorie  de  la  lune ,  deduite  de  feul  principe  de  V attrac¬ 
tion^  reciproquement  proportioneile  am  quarres  des  dif- 
tances.  Therein  he  fhews,  that  all  the  inequaiites  in 
the  motion  of  the  moon  may  be  perfectly  well  ex¬ 
plained  from  the  attractive  force  alone,  which  is  in-* 
verfely  as  the  fquares  of  the  diftances,  -and  confe- 
quently  that  no  correction  is  requiiite  in  the  New¬ 
tonian  theory  ;  a  thing  that  had  hitherto  been  called 
in  queftion  by  almoft  all  aftronomers. 

From  obfervations  it  is  known  that  the  moon’s 

cnodes'(§.  577.)  move  retrograde  or  in  antecedence. 

! 

This  happens  through  the  attraction  or  force, 
wherewith  the  fun  impels  the  moon  out  of  the 
tplane  of  her  orbit,  when  fne  is  without  the  quadra¬ 
tures,  and  the  lineof  thenodes  is  without  the  conjunc¬ 
tion  and  oppofition  of  the  moon  with  the  fun.  For,  if 
:he  line  of  the  nodes  N  n  has  this  pofition,  fig.  5.  plate 
k.  it  pafifes  through  the  fun,  on  being  produced. 
But  thus  the  fun  is  in  the  plane  of  the  moon’s  or- 
}it,  and  thus  muft  needs  attract  the  moon  in  this  or- 
:>it.  And  thus  fhe  cannot  be  driven  out  of  it  by 
inim.  If  the  moon  is  in  the  quadrature ;  for  in- 
tance,  in  A,  fig.  1.  plate  x.  the  fun  ads  on  her  and 
m  vthe  eareh  by  equal  diftances  SA  and  S  T,  and 
tronfequently  with  equal  forces.  And  in  this  man- 
icr  the  forces,  with  which  the  moon  and  earth  ad 
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on  each  other,  continue  in  the  ratio  they  would 
have,  did  the  fun  not  aCt  on  them  at  all.  And 
thus  the  moon  retains  in  A  the  place,  by  virtue  ol 
gravity  allotted  to  her,  wherewith  fhe  and  the  earth 
aCt  reciprocally  on  each  other.  But  if  the  moon  i: 
without  the  quadrature ;  for  inflance,  in  F,  betweer 
the  quadrature  B  and  the  conjunction  L  ;  fhe  will  be 
more  intenfely  attracted  to  the  fun  S,  than  the  earth  tc 
the  fame.  For,  F  S,  along  which  fhe  is  attracted  tc 
the  fun,  is  lefs  than  T  S,  along  which  the  eartl 
gravitates  towards  the  fun.  And  fo  fhe  will  b 
forced  out  of  the  place  of  her  orbit,  which  fhe  woulc 
hold,  were  Hie  not  expofed  to  the  fun’s  attraction 
And  now  we  may  conceive,  how  by  fuch  attraCtioi 
of  the  fun  the  moon’s  nodes  come  to  move  retrograde 
Suppofe  Py>,  fig.  6.  plate  x.  to  be  the  plane  of  th 
ecliptick,  and  P  A  the  moon’s  orbit.  If  the  moon  if 
in  A,  and  has  thus  removed  feme  way  from  thr 
nodes  fhe  will  be  forced  in  fuch  a  manner  fron 
the  plane  of  her  orbit  by  the  fun’s  attraction,  as  tha 
in  the  following  point  of  time  not  to  take  he 
courfe  along  the  line  A  B,  along  which  the  path 
P  A  proceeds,  but  through  A  b.  And  thus  fh 
comes  nearer  by  fo  much  to  the  plane  of  the  eclip: 
tick  than  the  line  B  b  amounts  to.  So  that  fhe  ha 
a  motion,  as  if  fhe  came  from  the  retrograde  diflan: 
nodey>.  And  fo  long  as  fhe  thus  continues  he 
courfe,  and  removes  from  the  node  *  fhe  feems  t: 
come  from  a  node  ever  more  diflant.  And  in  thr 
manner  the  nodes  move  retrograde. 

§.  621 
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§.  622.  From  the  force,  with  which  fun  and 
moon  ad  on  the  earth,  the  receffion  of  the  equi¬ 
noxes  (§.  559.)  and  confequently  the  retrogradation 
of  the  equinodial  points  contrary  to  the  order  of 
the  figns,  which  amounts  yearly  to  50',  may  be 
explained.  The  equinodial  points  are  the  two  points 
of  th%  figns  of  Aries  and  Libray  in  which  the  eel  i  p- 
tick  is  interfeded  by  the  celeftial  equator.  Pro¬ 
perly  the  earth  moves  in  the  ecliptick,  and  com¬ 
ing  into  either  of  thefe  two  points,  the  equinox,  or 
the  equality  of  day  and  night,  happens.  Now  the 
vernal  equinox  yearly  precedes,  that  is,  happens 
each  year  fomewhat  fooner  than  it  did  the  foregoing 
year.  The  celeftial  equator  therefore  is  every  year 
interfeded  by  the  path  of  the  earth,  or  the  ecliptick, 
fooner  than  it  was  the  preceding  year.  And  fo  the 
i  vernal  equinodial  point  is  each  year  more  wefterly 
than  the  foregoing  year.  Now  how  this  arifes 
i  from  the  adion  of  the  fun  and  moon  on  the  earth, 
j  may  be  explained  juft  as  was  the  retrogradation  of 
1  the  moon’s  nodes. 

Suppofing  different  moons  at  equal  diftances 
1  from  the  earth  moved  round  her  in  equal  times  in  a 
I  plane,  inclined  to  the  ecliptick,  as  is  the  plane  of 
;  the  moon’s  orbit.  Thefe  moons,  therefore,  would 
1:  together  have  one  and  the  fame  motion.  Suppofing, 
i  there  were  fo  many  of  them,  as  to  be  in  mutual 
i  contad,  and  together  to  form  a  ring,  confifling  of 
1  cohering  parts.  This  ring  would  thus,  juft  as  the 
i!  moon’s  orbit  does,  interfed  the  ecliptick  in  two 

points. 
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points,  diftant  i8o°  afunder.  Suppofe  Pp,  fig.  6* 
plate  x.  to  be  part  of  the  ecliptick,  and  P  A  a  por¬ 
tion  of  the  ring.  The  part  of  the  ring  in  P  is  there¬ 
fore,  as  the  moon,  in  the  node.  The  other  part  of 
the  ring  in  A  is  diftant  from  the  node.  Now  if 
the  fun  by  his  gravity  or  attraction  adts  on  the  part 
of  the  ring  at  A,  it  will  be  moved  out  of  its  place. 
But  as  one  part  of  the  ring  ever  coheres  with  the 
other  ;  the  whole  ring  will  be  moved  out  of  its  po¬ 
ll  t  ion.  And  thus  did  it  before  interfect  the  eclip¬ 
tick  in  P,  it  will  now  interfedt  the  ecliptick  in  p. 
And  confequently  the  node  of  the  ring  goes  back 
from  P  to  p.  With  a  like  ring  the  earth  is  encom- 
paflfed  in  her  equator  (§.  338).  As  this  ring  of  the 
earth’s  equator  is  nearer  to  the  fun  and  moon  than 
the  reft  of  the  fur  face  of  the  earth  ;  fun  and  moon 
act  ftronger  on  the  equator  than  on  the  other  parts 
of  the  earth.  If  therefore  the  earth  is  without  the 
equinodticai  points,  the  ring  of  the  earth’s  equator, 
whofe  plane  interfedts  the  plane  of  the  ecliptick,  by 
the  attraction  of  the  oppofite  fun,  or  of  the  oppofite 
moon,  will  be  brought  into  a  ftate  of  flexure  ;  fo' 
as  that  the  plane  of  the  ring,  and  confequently  the: 
plane  of  the  earth’s  equator,  fhall  interfedt  the  plane: 
of  the  ecliptick  in  a  point,  which  retrocedes  to  the: 
weft  from  the  point,  in  which  thefe  planes  would! 
mutually  interfedl,  had  the  equator  no  fuch  ring  or:| 
bend.  As  fuch  retrogreflion  of  the  point,  in  which: | 
the  ecliptick  is  interfered  by  the  equator,  is  even 

continually  happening  during  the  entire  progrefs  of 

the 
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the  earth ;  the  ecliptick,  or  path  of  the  earth,  in 
the  vernal  equinox  niuft  interfed  the  celeftial  equa¬ 
tor  in  a  point,  which  is  ft  ill  fomewhat  retrograde 
from  the  point,  in  which  this  interfedion  happened 
the  year  before  in  the  vernal  equinox.  In  like  man¬ 
ner  the  interfedion,  by  which  the  autumnal  equinox 
arifes,  muft  happen  in  a  point,  which  is  retrograde 
from  the  point,  wherein  the  equator  was  the  year 
before  interfeded  in  the  autumnal  equinox  by  the 
ecliptick.  For,  the  point  of  the  autumnal  equinox 
is  always  i8o°  diftant  from  the  point  of  the  vernal 
equinox.  And  thus  the  equinodial  points  go  back¬ 
wards,  or  retrocede. 

Newton  in  his  Principia>  lib.  3.  prop.  39.  fliews, 
that  the  equinoxes  have  a  yearly  retrogreftion 
of  9 '  f  20iv  by  the  force  of  the  fun,  and  of  40" 
52""  52 Iv  by  the  force  of  the  moon.  The  fum  of 
which  is  50^00'"  i2IV;  the  moon  ading  ftronger 
on  the  earth,  as  being  uncommonly  nearer  to  her 
than  the  fun. 

§*  623.  Now  as  the  courfe  of  the  earth  through 
the  ecliptick  is  not  perceived  ;  it  muft  necefiarily 
appear  to  the  eye,  as  if  the  figns  of  the  ecliptick  and 
the  other  fixt  ftars  advanced,  or  had  a  progreffron 
from  weft  to  eaft  (§.  559). 

As  the  equinodical  points  retrocede,  the  axis  of 
the  earth  muft  have  fuch  a  motion  too.  And  thus 
if  produced  to  the  apparent  limits  of  the  heavens,  it 
in  time  ever  paffes  through  different  fixt  ftars,  which 
Hand  farther  to  the  weft.  And  thus  the  extremities 
Vol.  II.  X  of 
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of  the  axis  of  the  earth*  that  is,  the  poles  of  the 
world,  defcribe  round  the  poles  of  the  ecliptick  a 
circle  from  eaft  to  weft.  The  poles  of  the  world 
are  diftant  230  28  20  from  the  poles  of  the  eclip¬ 
tick.  Now  as  the  poles  of  the  world  gradually  pafs 
through  all  the  points,  which  have  the  faid  diftance 
from  the  poles  of  the  ecKptick  j  the  fixt  ftars  in 
thefe  points  come  gradually  Higher  to  the  poles  of 
the  world.  And  thus  the  poles  of  the  world  and 
the  equino&ical  points  finifti  their  circle  from  eaft  to 
weft  in  25920  years  (§.  559,  560). 

§.  624.  And  as  all  the  planets  gravitate  towards 
the  fun  ;  we  may  confider  them  as  parts  of  a  fingle 
body.  The  cohefion  of  the  parts  arifes  from  their 
equal  adfion  on  each  other  (§.  5).  Which  is  juft  the 
fame,  as  if  they  gravitated  towards  each  other  (§.  17). 
And  fo  we  may  alfo  appropriate  to  the  planets  a  gra¬ 
vity  towards  each  other.  An  evident  example  of 
which  Jupiter  and  Saturn  afford.  When  both  thefe 
planets  are  neareft  to  each  other  \  Saturn  is  obferv- 
ably  moved  out  of  its  path.  Gravefande  in  his  Ele¬ 
ment  a  Phyfeces ,  §.  1269—1271.  fhews,  that  Jupiter 
by  his  acftion  on  Saturn  increafes  his  gravity  towards 
the  fun  about  particle  ;  and  thence  Saturn  and  the 
fun  mutually  approach  nearer  about  f  particle,  or 
fmail  part.  Saturn  alfo  changes  the  path  of  Jupiter 
round  the  fun,  when  neareft  to  him.  But  this 
change  is  not  fo  conliderable.  The  changes  in  the 
paths  or  orbits  of  the  other  planets  are  ftill  far  lefs. 
Jupiter  eaufes  the  greateft  change,  as  being  the 

greateft. 
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greateft  planet  (§.  616).  Flamftead  obferved,  that 
Jupiter  alfo  difturbs  the  fatellites  of  Saturn  in  their 
motion,  as  attracting  them  a  little  to  himfelf* 


CHAP.  VI. 

Of  the  Aflion  of  the  Sun  and  Moon  on 
the  Water  and  Atmofphere  of  the  Earth. 

§.  625.  A  S  the  earth  gravitates  towards  the  fun 
JLjl  and  the  moon  (§.  617);  the  furface 
of  the  ocean  in  the  places,  over  which  both  thefe 
bodies  come  to  have  their  pofition,  rife  up  towards 
them.  This  alfo  would  happen  in  the  cafe  of  fixe 
bodies,  were  not  the  mutual  cohefion  of  their  parts 
ftronger  than  the  gravity  towards  the  fun  and  moon. 
From  this  gravity,  we  are  therefore  to  explain  all 
that  is  remarkable  about  the  tides,  recounted  above 
(§•  363).  The  nigher  a  part  of  the  fea  is  to  the 
moon,  the  more  it  gravitates  towards  her.  And 
thus  if  the  moon  L,  fig.  2.  plate  vm.  is  over  Z  ; 
the  water  there  has  a  greater  conatus  or  tendency 
*  towards  her,  than  the  water  at  H  and  R.  '  And 
confequently  the  water  in  Z  mu  ft  be  more  elevated 
than  in  H  and  R.  The  water  in  N  has  a  Jefs  cona¬ 
tus  towards  the  moon  Handing  over  Z,  than  the 
water  in  H  and  R.  And  confequently  the  water  in 
FI  rifes  by  the  centrifugal  force,  which  the  motion 
of  the  earth  round  her  axis  communicates  thereto 

X  2  (§.  342). 
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(§.  342).  If  the  moon  is  in  the  equator  •,  the  flood 
or  tide  is  greater  than  in  her  declination.  For,  in 
the  equator  the  water  is  nearer  to  the  moon,  than  in 
the  declination  from  the  equator.  If  in  autumn  and 
fpring  the  moon  is  full  or  new ;  the  flood  rifes  not 
only  higher  than  in  the  quarter  moons  in  autumn  or 
fpring,  but  alfo  higher  than  at  the  time  of  new  and 
full  moon  in  the  folftices.  The  reafons  are  two 
the  firfl,  the  circumftances  of  the  new  and  full  moon. 
In  the  new  moon,  fun  and  moon  are  together  or  in 
conjunction  (§.  562.  566).  Now  as  the  earth  gra* 
Vitates  towards  both  \  lo  the  water  has  a  tendency 
as  well  under  the  moon  and  fun  in  Z,  as  alfo  in  H 
and  R  towards  both  bodies.  But  if  the  moon  be 
d  Atari  t  about  a  quater  of  the  heavens  from  the  fun  ; 
as  for  inflance,  the  moon  being  over  Z,  and  the 
fun  over  R  ;  the  water  in  Z  lofes  not  only  of  its 
tendency,  which  at  the  time  of  the  new  moon  it 
has  at  the  fame  time  towards  the  fun  ;  but  it  is  .alfo 
in  fome  meafure  weakened  in  the  tendency  to  fall  or 
rife  towards  the  moon,  when  the  water  in  R  has  a 
conatus  to  rife  towards  the  fun.  In  the  full  moon, 
fun  and  moon,  indeed,  are  diftant  afunder  1800. 
Suppofe,  for  inflance,  the  moon  to  be  over  Z,  and 
the  fun  over  N.  But  if  the  fun  Hands  over  N  ; 
the  water,  which  fwel'ls  or  heaves  in  N  by  the  men¬ 
tioned  vis  centrifuga ,  acquires  by  means  of  the  gra¬ 
vity  and  tendency  towards  the  fun  an  additional 
fweliino\  And  at  the  fame  time  alfo  the  fwel'ling  of 
the.  water  is  increafed  towards  the  moon  in  Z  ;  as 


now. 


Of  the  System  of  the  World.  309 

now,  the  fun  being  over  N,  there  accrues  to  it  that 
degree,  by  which  it  was  di minified,  as  the  fun 
flood  over  R.  The  fecond  reafon,  why  the  flood 
fifes  higher  in  harveft  and  fpring,  at  the  time  of 
new  and  full  moon,  than  in  the  folftices,  is,  that 
then  fun  and  moon  ftand  over  the  equator. 

Newton  in  his  Principle«,  lib.  3.  prop.  36,  37. 
and  G  'rave fände  in  his  Element  a ,  §.  1421,  1422. 
fhew,  that  the  water  of  the  ocean,  by  the  action  of 
the  fun,  is  raifed  to  2,  by  the  action  of  the  moon, 
to  9,  and  by  the  action  of  both  together  to  n  or  1 2 
feet  high.  And  if  it  rifts  higher  in  certain  places 
(§.  363) ;  that  is  owing  to  the  flood  or  tide  taking  its 
way  through  narrow  and  fhallow  places  ^  jn  which 
it  cannot  fufficiently  fpread  or  difrufe  itfelf,  as  it 
may  in  deep,  free,  and  open  places. 

When  two  bodies,  an  electrical  and  uneledtrical* 
adl  on  each  other  ;  they  have  a  conatus  or  tendency 
to  approach  to  each  other  (§.  250).  They  alfo  actu¬ 
ally  come  nearer  to  each  other,  if  not  impeded  by 
another  and  ftronger  force.  And  thus  happens  in 
them  juft  what  happens  in  bodies,  that  have  a  gra¬ 
vity  or  an  attraction  towards  each  other.  If,  there¬ 
fore,  either  the  moon,  or  the  earth,  was  fo  ftrongly 
electrified,  as  that  their  eleCtrica!  matters  aCted  on 
each  other  j  the  gravity  or  attraction,  from  which 
ebb  and  flood  are  explained,  would  be  an  effect  of 
eleCtricity.  For  exhibiting  fuch  a  flood  and  ebb,  in  the 
beginning  of  the  year  1752  I  caufed  to  be  executed 
$he  following  machine.  On  a  board  ah  r,  fig.  1, 
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plate  xi.  a  tin  veil'd  d  e  f  g  Hands  full  of  water.  At 
both  ends  of  the  board  are  inferted  perpendicularly 
two  pillars  h  h  :  at  each  pillar  externally  a  fmall  ob- 
long  narrow  flip  of  board  i  k7  by  means  of  a  fcrew 
in7  may  be  pufhed  up  and  down  in  a  groove  or 
channel.  Through  each  of  thefe  little  boards  a  blue 
filk  firing  n  paffes.  At  both  thefe  firings  n  and  n, 
which  are  ftrung,  between  the  pillars  h  and  h  hangs 
a  fquare  fmooth  rod  op  of  iron.  At  the  one  end  of 
it  o  is  a  round  box  q,  enclofing  a  fpring.  Further, 
at  the  rod  there  is  a  moveable  brafs  curfor  r  s7  at  one 
of  whofe  ends  u  a  firing  u  t  is  bound  to  the  fpring, 
and  at  the  other  end  x  a  firing  x  y ,  which  goes 
through  the  pillar  h  to  the  right  hand,  and  through 
the  Oliver  k  with  the  fcrew  m .  By  this  lafl  firing 
the  brafs  curfor  r  s  may  be  freely  drawn  to  the  right 
hand  pillar  h.  And  forbearing  to  draw  ^  the  curfor 
r  s ,  by  means  of  the  firing  u  t ,  will  be  drawn  by 
the  fpring  in  the  box  q  back  to  the  left  hand  pillar« 
On  the  middle  of  the  brafs  curfor  r  s  there  is  under- 

i  .  I  1 

neath  a  little,  hollowed,  brafs  pillar  a  ß ;  in  whofe 
cavity  may  lodge  a  little  round  pillar  y,  to  which  a 
copper  ball  A  is  foldered,  and  it  may  be  faflened 
down  with  the  little  fcrew  J.  This  ball  exhibits  the 
moon.  Round  the  little  rod  o  p,  for  inflance,  at 
the  fpring-box  q,  a  metal  chain  is  flung,  and  the 
ele&ricity  communicated  thereto.  So  foon  as  this 
happens  ^  the  water  under  the  ball  rifes  up,  and 
forms  a  cone  g.  And  if  by  means  of  the  firing  x  y 
you  pull  along  leifurely  this  ball  to  the  right  hand 
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pillar  h ;  the  railed  water,  over  which  the  ball 
hung,  finks  down  *,  and  the  following  water,  over 
which  the  ball  comes,  riles  towards  it.  This  fink¬ 
ing  and  rifing  produces  in  the  water,  which  repre- 
fents  the  fea,  very  obfervable  waves.  The  diftance 
of  the  ball  from  the  furface  of  the  water  may  be  a 
half,  nay  a  whole  inch,  according  as  the  eledricity 
is  ftrong  or  weak.  The  rifing  water-cone  turns  not 
only  ftill  bigger  and  higher,  the  more  the  eledricity 
is  heightened,  but  alfo  increafes  in  compafs  and  in 
height,  on  either  approaching  the  ball  to  the  furface 
of  the  water,  or  inftead  of  a  fmall  ball  flicking  on  a 
larger.  And  you  even  need  only  flick  on  a  piece  of 
a  great  ball,  fuch  as  that  exhibited  at  B.  And  the 
balls  need  only  be  hollow.  As  by  the  weight  of 
quite  folid  balls  the  metal  curfor  r  s  would  rub  too 
hard  at  the  rod  o  p9  and  confequently  not  be  pulled 
to  and  fro  fufficiently  free.  In  order  to  difpofe  the 
ball,  that  every  where,  whitherfoever  it  is  pulled, 
it  may  have  an  equal  diftance  from  the  furface  of  the 
water,  the  pillars  h  and  b9  are  cut  through,  tor  the 
firings  n  and  n  and  x y  to  rife  and  fall  unhindered  in 
them,  on  fere  wing  up  or  down  the  flider  to  which 
they  are  faftened,  by  means  of  ferews.  If  any  chaff 
happens  to  lie  on  the  water,  it  floats  towards  the 
raifed  water-cone.  From  which  we  fee,  that  even 
the  water  in  the  veflel  at  a  diftance  therefrom,  has 
a  draught  or  tendency  towards  the  part,  on  which 
the  electricity  ads. 
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§.  626.  Alfo  in  the  earth’s  atmofphere  there  is  a 
conftant  alternation  of  ebb  and  flood  ;  as  the  air, 
with  the  things  floating  therein,  have  juft  as  well  a 
gravity  towards  fun  and  moon,  as  the  v/ater  has. 
And  thus  the  air  fwelling  up  towards  fun  and  moon 
muft  propagate  this  motion  at  the  fame  time  from 
eaft  to  weft  round  the  earth,  juft  as  fun  and  moon 
appear  to  move  round  it.  M.  Alembert  in  his  Re - 

JL  i. 

flexions  flur  la  cafe  generale  des  Vents ,  art.  39  and 
48,  explains  the  conftant  morning  breeze  under  the 
line  between  the  tropicks  (§.  383.)  from  the  bare  at¬ 
traction  of  the  fun  and  moon.  A  great  part  of  the 
changes  of  the  weather  is  therefore  to  be  afcribed  to 
the  ebb  and  flood,  produced  in  our  atmofphere, 
while  earth  and  moon  acl  on  each  other.  Dr.  Krat- 
xenflein  in  his  TAjflcri alien  on  the  influence  of  the  moon 
on  the  weather  and  on  human  bodies ,  has  explained  all 
this  with  ranch  probability.  If,  for  inftance,  in  the 
the  air  at  Z,  fig.  2.  plate  vm.  there  is  flood,  when 
the  moon  ftands  over  that  place  ;  the  air  moves 
from  the  neighbourhood,  for  inftance,  from  H  to¬ 
wards  Z.  If  the  air  in  H  is  filled  or  impregnated 
with  a  quantity  of  vapours ;  the  clouds  may  move 
on  from  H  to  Z. 

§.  627.  The  atmofphere  of  the  earth  is  fometimes 
filled  with  vapours  from  the  atmofphere  of  the  fun 
(§•  552)*  From  thefe  vapours  M.  Mairan ,  in  his 
diftercation  De  Patirore  bereale ,  explains  the  origin  of 
the  northern  light.  It  refts  on  thofe  two  principal 
enquiries,  viz.  whether  the  folar  atmofphere  ever  ex¬ 
pands 
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pands  fo  far  at  times,  as  that  its  vapours  mix  with 
the  atmofphere  of  the  earth  •,  and  whether  the  cir- 
cumftances  of  the  aurora  borealis  are  of  fuch  a  na¬ 
ture,  as  to  give  fufpicion  to  look  for  the  matters, 
from  which  they  arife,  in  the  atmofphere  of  the  fun  ? 

Both  are  explained  in  the  faid  book  with  a  good 
deal  of  probability.  Mr.  profeffor  Heinfius  has  given 
a  diftindt  ahftradt  thereof  in  his  remarks  on  the  Pe- 
tefiurg  literary  news  for  the  years  1739  and  1740, 
which  I  fhall  here  adopt.  The  atmofphere  of  the 
fun,  or  the  matter  of  the  zodiacal  light,  extends  at 
fome  times  quite  to  the  earth,  and  at  many  times  be¬ 
yond  the  limits  of  her  orbit.  The  orbit  of  Venus 
lies  nearer  to  that  of  the  earth,  than  the  orbit  of 
Mercury  (§.  586) ,  the  angle  S  T  C,  fig.  6.  plate 
viii.  under  which  the  diftance  or  elongation  of  Ve¬ 
nus  S  C  from  the  fun,  being  greater  than  the  angle 
S  T  F,  under  which  the  diftance  of  Mercury  from 
the  fun  appears.  Suppofe  the  vertex  or  point  of  the 
zodiacal  light  was  at  a  certain  time  feen  in  F  ;  and 
at  another  in  C  :  at  the  time,  in  which  it  would  ap¬ 
pear  in  C,  it  would  be  nearer  to  the  orbit  of  the  earth, 
than  at  the  time,  it  would  appear  in  F.  The  angle 
S  T  F,  under  which  the  greateft  diftance  of  Mer¬ 
cury  from  the  fun  is  feen,  amounts  to  28°;  and 
the  angle  S  T  C,  under  which  the  greateft  diftance 
or  elongation  of  Venus  from  the  fun  appears,  470.  Did, 
therefore,  the  diftance  of  the  vertex  of  the  zodiacal 
light  from  the  fun  amount  to  ftiil  more  degrees ; 
the  folar  atmofphere  would  be  füll  nearer  to  the  orbit 


3*4  Of  the  System  of  the  World, 

of  the  earth.  The  length  of  the  zodiacal  light  has 
at  times  been  found  90,  and  at  times  100  and  more 
degrees.  If  the  difiance  of  a  body  from  the  fun 
amounts  to  90° ;  it  is  as  diftant.  from  him  as  our 
earth.  Suppofe  the  circle  T  F  Y  to  be  the  earth’s 
orbit  round  the  fun  S,  fig,  2.  plate  xi.  H  R  to  be 
the  horizon,  and  C  P  the  line,  in  which  the  fun  is 
under  the  horizon.  If  there  is  a  body  in  the  earth’s 
orbit  at  G,  that  may  be  feen  on  the  earth  at  T  along 
the  line  TGD;  it  forms  with  the  line  T  S,  which 
may  be  drawn  from  the  earth  to  the  fun,  a  right 
angle  at  T,  or  an  angle  of  90  degrees.  As  the  line 
G  S,  which  may  be  drawn  from  G,  the  place  of 
the  body  in  the  earth’s  orbit,  to  the  fun  S,  forms 
with  T  S  at  S  an  infinitely  fmall  angle  ;  the  angle 
alfo  at  G  is  a  right  angle,  or  of  90°.  G  S  forms 
with  T  S  at  S  an  infinitely  fmall  angle  ;  as 
T  G,  the  meafure  of  this  angle,  is  an  infinitely 
fmall  arch.  For,  as  G  is  feen  in  the  earth’s  orbit ; 
which  is  a  periphery  of  a  circle,  from  the  earth  T, 
which  is  itfelf  in  this  orbit ;  T  G,  in  compariionof 
the  entire  orbit,  or  periphery,  muft  be  fo  fmall  an 
arch,  as  that  it  may  be  confidered  as  a  right  line. 
For,  from  one  point  to  another  one  can  only  fee 
along  a  right  line  (§.  144.  186).  Now  as  the  angle 
at  T  is  the  meafure  of  the  difiance  of  the  body  in  G 
from  S  i  fo  alfo  is  the  angle  at  G  the  meafure  of  the 
difiance  of  the  earth  in  T  from  S.  And  thus  the 
body  in  G  is  fo  difiant  from  the  fun  S,  as  the  earth 
in  T.  For,  one  right  angle  is  always  equal  to  an- 
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other.  When  therefore  the  diftance  of  the  zodiacal 
light  from  the  fun  is  feen  under  an  angle  of  90°  ;  it 
has  one  and  the  fame  diftance  with  the  earth  from 
the  fun,  or  it  is  in  her  orbit.  And  thus  if  it  Hands 

*  7 

more  diflant  from  the  fun  than  90  degrees  ;  the  at- 
mofphere  of  the  fun  extends  beyond  the  earth’s  or¬ 
bit.  The  only  query  is,  how  to  find  the  angle,  by 
whofe  magnitude  to  eftimate  the  diftance  of  the  zo¬ 
diacal  light.  You  obferve  at  whatfixt  ftar  the  point 
of  the  zodiacal  light  may  be  feen.  Suppofe  the  ftar 
to  be  D.  Now  the  place  of  the  ecliptick  is  known, 
in  which  the  fun,  at  the  time  of  the  obfervation  of 
this  light,  appears,  for  inftance,  L.  And  fo  we  find 
the  arch  between  the  ftar  D,  and  the  place  of  the 
fun  L,  and  confequently  the  meafure  of  the  angle  at 
T,  formed  by  the  lines  D  T  and  L  T.  If  the 
point  of  the  zodiacal  light  feen  was  at  the  ftar  Y, 
and  was  the  place  of  the  fun  in  the  ecliptick  L  ;  the 
arch  V  L  would  be  the  meafure  of  the  angle  at  T, 
formed  by  the  lines  V  T  and  L  T.  Did  the  point 
of  the  zodiacal  light  appear  at  the  ftar  I,  and  was 
the  apparent  place  of  the  fun  in  L  ;  the  arch  I  L 
would  be  the  meafure  of  the  angle,  formed  at  T  by 
the  lines  I  T  and  L  T.  Now  if  the  arch  is  above 
90  degrees,  the  folar  atmofphere  is  diffufed  all  over 
the  earth’s  orbit ;  and  thus  encompafies  the  earth, 
and  fills  or  replenifhes  with  its  matter  the  terreftrial 
atmofphere.  This  laft  may  happen,  fo  the  atmo¬ 
fphere  only  extend  to  the  moon’s  orbit.  For,  as  the 
moon  in  her  orbit  has  a  greater  degree  of  gravity  to- 
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wards  the  earth  than  towards  the  fun  ;  all  other 
matters  alfo,  which  come  fo  near  the  earth,  as  the 
moon  is  to  her,  muft  have  a  fall  or  tendency  to¬ 
wards  her.  Had  the  moon  no  conftarit,  lairing  cen¬ 
trifugal  force,  by  which  fhe  moves  every  moment 
fo  diftant  from  the  earth,  as  the  moon  approaches 
to  her  by  the  addon  of  gravity  fhe  would  by  her 
fall  or  tendency  foon  reach  the  earth.  So  foon  as 
the  matters  of  the  folar  atmofphere,  which  fpread 
themfelves  quite  to  the  moon’s  orbit,  acquire  a 
greater  degree  of  gravity  towards  the  earth,  than 
they  have  towards  the  fun ;  they  become,  indeed, 
parts  of  the  earth,  and,  like  the  moon,  and  the 
earth’s  atmofphere,  acquire  by  the  rotation  of  the 
earth,  or  her  turning  round  her  axis,  a  centrifugal 
force  (§.  93),  whereby  they  have  a  tendency  to  pro¬ 
ceed  in  a  right  line,  and  thus  to  remove  from  the 
earth.  But  the  force,  whereby  they  are  driven  be¬ 
yond  the  limits,  in  which  they  had  an  equiponde- 
rancy  towards  fun  and  earth,  fo  heightens  their  gra¬ 
vity  towards  the  earth,  as  to  be  greater  than  the  cen¬ 
trifugal  force,  which  the  earth’s  rotation  communi¬ 
cates  to  them.  And  fo  they  muß:  fink  ever  deeper 
towards  the  earth.  The  atmofphere  of  the  earth 
turns  along  with  her  from  weft  to  eaft  ;  and  there¬ 
fore  gravitates  more  towards  the  poles  than  towards 
the  equator  (§.  372).  So  that  the  exhalations,  for¬ 
cing  out  of  the  folar  atmofphere  into  that  of  the 
earth  over  the  equator,  go  towards  the  pole.  And 
thus  the  earth’s  atmofphere  at  the  poles  will  be  far 

more 
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more  plenteoufly  repleniihed  with  folar  vapours, 
than  the  atmofphere  under  the  equator.  For,  the  air 
at  the  poles  is  not  only  enriched  with  vapours,  as  the 
air  under  the  equator,  immediately  from  the  fun’s 
atmofphere,  hut  alfo  by  the  flow  of  the  air  from  the 
equator.  The  deeper  therefore  the  earth  with  her 
atmofphere  plunges  into  the  folar  atmofphere,  *  and 
the  longer  this  lads,  and  the  denfer  the  iblar  atmo¬ 
fphere,  the  denfer  will  the  earth’s  atmofphere  at  the 
poles  prove  thereby,  and  the  more  obfervable  phe¬ 
nomena  and  motions  may  arife  therein  from  this 
commixture.  So  long  as  the  vapours  of  the  fun  ap¬ 
pertain  to  his  atmofphere,  and  appear  to  us  under 
the  form  of  the  zodiacal  light,  they  enlighten.  In 
this  cafe  therefore  they  are  either  light  of  themfelves, 
or  are  enlightened  by  the  fun.  If  light  of  themfelves, 
and  reaching  to  our  atmofphere,  they  form  a  fiery 
aerial  appearance.  But  fuch  alfo,  as  are  not  light 
of  themfelves,  may  produce  fuch  an  appearance, 
when  of  the  nature  of  thofe  matters,  which  either 
by  commixing  with  other  matters  produce  a  flame  ; 
or  take  fire  from  the  free  air  a&ing  on  them.  Some 
exhalations  may  be  coarfer ;  others,  finer.  And 
thus  by  the  firfi,  at  the  horizon  a  vaporous  fubilance 
may  arife.  In  the  northern  light,  or  the  light, 
which  at  times  in  the  night  takes  its  rife  towards  the 
north,  the  following  circurnftances  manifefl:  them- 
themfeives.  i .  The  forerunners  or  prognofticks  oi 
a  compleat  aurora  borealis  or  northern  fhine,  are 
eertain  vapours  at  the  northern  horizon,  not  unlike  a 

thick 
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thick  mid,  feen  at  a  diftance.  2.  Thefe  vapours 
fo  fpread  themfelves  gradually,  as  to  form  over 
the  northern  horizon  a  circular  arch,  which  to¬ 
wards  eaft  and  weft  appears  to  (land  on  the  hori¬ 
zon.  Thefe  vapours  exhibit  the  fegment  of  a  circle, 
whofe  chord  is  the  northern  horizon  :  this  vaporous 
circle  may  be  called  the  dark  fegment ,  Round  the 
arch  appears  a  whitifh  light.  The  arch  therefore  is 
called  the  bright  arch ,  and  oftentimes  is  coloured. 
The  bright  ftars  may  be  diftinguifhed  as  well  thro* 
the  dark  fegment  as  through  the  bright  arch.  3. 
Out  of  the  dark  fegment  bright  pillars,  rays,  or 
dreamers  feem  to  fhoot  upwards,  and  many  times  to 
reach  quite  to  the  zenith,  and  by  their  pofition  to 
{land  upright  on  the  horizon,  alfo  often  to  have 
this  pofition  on  the  arch  of  the  dark  fegment.  Thefe 
rays  are  moflly  white,  yellowilh,  or  greenifh  about 
the  part  of  their  origin  at  the  limb  or  edge  of  the 
dark  fegment.  Whereas  011  high  they  are  of  an 
orange  colour,  which  gains  more  or  lefs  of  the  co¬ 
lour  of  fire.  4.  Up  and  down  in  the  heavens  bright 

and  whitifh  clouds  arife,  but  which  lad  not  long, 
yet  often  afiiime  a  fiery,  fometimes  a  blood-red  co¬ 
lour.  Some  of  thefe  clouds  appear  and  difappear, 
fo  quick,  as  not  to  be  unlike  dallies  of  lightening. 
At  times  the  entire  body  or  mafs  of  the  aurora  bo¬ 
realis  appears  as  if  throughout  in  a  tremulous  mo¬ 
tion  :  nay  many  times  juft  as  if  fiery  waves  rolled 
quite  up  to  the  heavens.  5,  The  northern  light  ap¬ 
pears  greatelt  when  the  rays,  mounting  up  from  all 

fides 
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Tides  of  the  horizon  form  near  the  zenith,  as  it  were, 
a  crown,  all  the  motions  of  the  northern  light  feem- 
ing  to  run  together  towards  this  place.  This  crown 
often  exhibits  the  lantern  of  a  cupola,  and  the  key- 
done  of  an  arch,  where  the  voufloirs  or  wedges  of 
the  arch  join  together.  At  one  time  it  appears  as  a 
(light  circular  opening,  through  which  the  heavens 
appear  between  the  light  and  coloured  clouds. 
Again,  it  refernbles  the  pidture  of  an  open  radiating 
heaven.  At  times  this  crown  appears  more  than 
once.  In  northern  lights,  which  are  impeded:. 
Tome  of  the  mentioned  phenomena  are  wanting. 
And  thus  one  often  fees  a  northern  fhine  with  a  dark 
fegrnent,  bright  arch,  and  foine  rays,  or  dreamers, 
without  flafhes  of  lightening,  tremulous  motion  and 
crown.  In  fome  again  one  fees  rays,  or  dreamers, 
without  a  dark  fegrnent  and  light  arch  having  before 
made  their  appearance. 

Now  the  query  is,  what  may  be  found  in  thefe 
mentioned  appearances  of  the  northern  lights  to  in¬ 
duce  one,  with  M.  Marian  to  look  for  their  origin 
in  the  vapours  of  the  folar  atmoiphere  ?  There  are 
principally  three  circumdances,  which  admit  of  no 
explication  from  the  vapours  of  our  terredrial  at- 
mofphere  only,  viz.  the  neight,  the  place,  and  the 
feafon  of  the  aurora  borealis ,  or  northern  fhine.  The 
bright  arch  in  a  northern  fhine  Hands  at  a  place, 
that  lies  nearer  to  the  north  pole,  higher  above  the 
horizon,  than  at  another  place,  which  is  more  didant 
from  the  north  pole.  For  indance,  when  a  northern 

fhine 
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fhine  is  feen  at  the  fame  time  at  Peterßurg  and  at 
Conftantinople  ;  at  Peterßurg  the  bright  arch  is  higher 
above  the  horizon  than  at  Conflantinople.  The  rea- 
fon  whereof  is  the  round nefs  or  fphericity  of  the 
earth.  Now  if  one  has  meafured  at  both  places  the 
height  of  the  bright  arch  above  the  horizon  with  an 
inftrument  •,  from  the  difference  of  thefe  heights,  and 
from  the  known  diftance  of  both  places,  where  the 
obfervation  was  made,  one  may  determine  the  true 
height  of  the  bright  arch  above  the  earth’s  furface 
by  a  calculation  according  to  the  rules,  by  which 
the  diftance  of  the  moon  from  the  earth  is  fought 
for  (§.  6 1 1).  In  this  manner  M.  Mairan  found  the 
height  of  the  northern  light  generally  120  German 
miles,  and  at  times  greater  ftili.  The  vapours,  in 
which  the  folar  rays  are  reflected,  rife  about  10 
miles  high  above  the  furface  of  the  earth  (§.  427.) 
The  height,  which  the  vapours,  rifling  out  of  the 
earth,  reach  to,  is  thus  too  fmall  to  account  for 
the  height  of  the  northern  light.  The  inhabi¬ 
tants  of  the  northern  parts  obferve  thefe  lights  only 
in  the  northern  part  of  the  heavens.  And  though 
at  times  they  may  be  feen  in  other  parts  of  the  hea¬ 
vens,  alfo  commonly  to  incline  a  little  way  from 
the  north  to  the  weft,  nay  many  times  to  fill  the 
whole  heavens  5  yet  the  northern  part  of  the  hea¬ 
vens,  in  regard  to  the  inhabitants  of  the  countries 
lying  towards  the  north  pole,  remains  to  be  the  pro¬ 
per  place  of  the  northern  light.  Alio  if  at  many 
times  fuch  a  light  appears  at  firft  in  other  places  of 
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the  heavens ;  yet  it  draws  to  the  north,  and  there 
takes  its  period.  Whence  alfo  the  northern  lights  are 
rarer  in  Germany  and  France ,  than  at  Feterßurg ,  in 
Sweden  and  in  Norway .  Whence  then  comes  this-, 
were  the  northern  lights  produced  from  the  bare  va¬ 
pours  of  our  terreftrial  atmofphere  ?  Are  thefe  va¬ 
pours  in  lefs  quantity  in  the  air  over  Germany , 
France ,  Italy ,  and  Spain ,  than  in  the  parts  of  the  at¬ 
mofphere  nearer  the  north  pole  ?  Are  warmer  re¬ 
gions  to  be  lefs  fruitful  in  vapours,  from  whole 
commixture  an  accenfion  or  a  corufcation  arifes, 
than  the  cold  ?  If  it  be  faid  that  they  are  driven  to¬ 
wards  the  north  pole,  the  vis  centrifuga  of  the  atmo¬ 
fphere  being  flronger  towards  the  equator  than  to¬ 
wards  the  pole  let  the  reafon  be  fhewn,  why  they 
firft  begin  to  fhine,  when  approaching  towards  the 
north  pole  ?  As  to  the  feafon  of  the  year,  the 
northern  lights  appear  moft  plentifully  about  the 
time  of  the  equinoxes,  yet  more  plentiful  about  the 
autumnal  than  vernal  equinox.  In  general  it  has 
been  obferved,  that  the  number  of  northern  lights  is 
greater  in  the  four  laft  months  of  the  year  than  in 
the  four  firft:  •,  but  feweft  of  all  in  the  four  middle, 
from  May  to  Augufi.  And  yet  has  not  the  earth’s 
atmofphere  in  thefe  months  the  greateft  quantity  of 
vapours,  from  which  thunder  [forms  arife  ?  And 
how  fhould  thus  the  atmofphere  of  the  earth  have  in 
this  time  fo  fmall  a  flock  of  vapours,  by  whofe  com¬ 
mixture  a  weak  corufcation  might  be  excited  ?  But 
fo  little  as  the  queries  about  the  feafon  of  the  year, 
Vol.  II.  Y  the 
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the  part  of  the  heavens,  and  the  height  of  the  northern 
light  admit  of  an  an  (wer  •„  if  one  were  to  deduce 
the  reafons  from  the  bare  vapours  of  the  atmofphere 
of  the  earth  :  fo  diftindt,  on  the  other  hand,  is  the 
explication,  on  taking  into  the  confideration  the  at¬ 
mofphere  of  the  fun,  mixing  with  that  of  the  earth. 
As  the  former  at  times  not  only  en  com  paffes  the 
earth  ;  but  alfo  finks  down  its  vapours  thereinto, 
when  only  reaching  to  the  moon’s  orbit ;  it  is  eafy  to 
conceive,  that  in  a  height  of  a  hundred  or  mere 
miles  a  fnining,  or  gleam  may  arife  from  them. 
One  might  be  apt  to  fall  into  the  notion,  that  the 
height  of  a  northern  light  might  well  extend  to  a 
thoufand  or  more  miles  difiance  from  the  earth,  if 
the  matters  for  it  came  down  from  the  atmofphere 
of  the  fun,  But,  there  is  wanting  in  fo  great  adiftance 
from  the  earth  the  due  denfity  for  a  northern  light, 
which  the  exhalations,  fevered  from  the  atmofphere' 
of  the  fun,  acquire  in  a  certain  proximity  of  the 
earth,  from  their  continuing  to  colledt  more  and 
more  therein.  This  collection  happens  principally 
towards  the  north  pole  of  the  earth,  and  in  the 
greater!;  plenty  about  it,  as  was  fhewn  above.  From 
this  it  appears,  why  in  the  northern  regions,  the 
phenomenon,  called  a  northern  light,  has  its  fitua- 
tion  in  the  north  quarter  of  the  heavens.  Towards 
the  fouth  pole  we  can  obferve  no  light,  refembling 
a  northern  light,  as  the  fouth  pole  lies  concealed  to 
us  under  the  horizon.  The  connexion  of  the 
northern  fhine  with  a  certain  feafon  of  the  year  is 
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grounded  partly  on  the  proximity  of  the  fun,  partly 
on  the  earth’s  annual  motion  round  the  fun,  partly 
on  the  pofition  of  the  folar  atmofphere.  In  winter 
the  fun  is  nearer  the  earth  than  in  fumnier  (§.  583). 
And  thus  the  atmofphere  of  the  fun  in  winter  may 
fooner  reach  to  our  earth,  and  confequently  in  win¬ 
ter  produce  northern  lights  in  greater  plenty  in  our 
atmofphere  than  in  fummer.  The  earth  moves  in 
the  ecliptick.  In  this  too  is  moftly  found  the  fun’s 
atmofphere.  And  thus  the  earth  muft  pafs  through 
the  fun’s  atmofphere,  like  a  fhip  through  water. 
The  fore  part  of  a  fhip  is  the  molt  oppofed  to  the 
water,  which  it  muft  divide.  The  fore  part  of  our 
earth  is  thus  the  moft  plunged  in  the  fun’s  atmo¬ 
fphere,  and  thus  the  moft  replenifhed  with  vapours 
from  the  fame  5  efpecially  as  thefe  vapours,  fo  foon 
as  they  come  to  be  in  proximity  to  our  earth,  ac¬ 
quire  a  gravity  or  tendency  towards  her,  and  thus 
muft  fall  into  her  the  fhorteft  way,  confequently  to¬ 
wards  her  fore  part.  The  axis  of  our  earth  is  in¬ 
clined  to  the  ecliptick  under  an  angle  of  66  \  de¬ 
grees,  and  we  may  confider  both  the  poles  as  two 
things,  one  of  which  may  reprefent  the  fore  ;  the 
other,  the  hinder  part.  When  the  earth  moves  out 
of  Capricorn  towards  the  beginning  of  * Cancer  thro’ 
the  afcending  figns  of  the  ecliptick  j  the  north  pole 
in  this  motion  precedes,  and  thus  plunges  the  moft 
into  the  folar  atmofphere  :  whereas  the  earth  ad¬ 
vancing  out  of  Cancer  towards  Capricorn  through  the 
defending  figns  of  the  ecliptick  ;  the  fouth  pole  of 
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the  earth  is  the  fore  part,  and  this  will  be  the  moil 
filled  with  vapours  from  the  folar  atmofphere.  In  the 
firft  cafe,  the  fun  feems  to  move  through  th  e  op- 
pofite  fig  ns,  namely  out  of  Cancer  through  Leo ,  &e. 
towards  Capricorn:  whereas  in  the  fecond  cafe,  ho  go 
out  of  Capricorn  towards  Cancer .  And  thus  in  the 
firfl  cafe,  from  the  fummer  folftice  till  towards  the 
winter  folftice,  the  north  pole  of  our  earth  is  the 
fore  part ;  whereas  from  the  winter  folftice  till  to¬ 
wards  the  fummer  folftice,  the  fouth  pole  of  our 
earth  is  the  fore  part.  The  firft  happens  from  June 
till  December  *,  the  fecond,  from  December  till  June . 
And  as  thus  from  June  till  December  the  north  pole 
of  our  earth  is  more  plenteoufty  filled  with  vapours 
from  the  folar  atmofphere  than  at  another  time  :  fo 
alfo  the  northern  lights  muft  be  feen  oftener  in  the 
laft  half  of  the  year  than  in  the  firft.  Now  though, 
indeed,  the  north  pole  of  our  earth,  as  being  the 
fore  part,  is  oppofed  from  June  till  December  to  the 
fun’s  atmofphere,  yet  its  immerfion  thereinto  is  not 
at  all  times  equally  great.  The  more  the  fun’s  de¬ 
clination  changes,  the  more  the  north  pole  immerges 
or  plunges  into  it.  Now7  as  this  happens  about  the 
autumnal  equinox,  one  plainly  fees,  that  our  northern 
light  is  the  moil  copioufiy  furnifhed  with  vapours 
from  the  folar  atmofphere  about  the  autumnal  equi¬ 
nox,  and  confequently  about  this  time  the  northern 
lights  muft  appear  the  moil  plentifully.  The  con¬ 
trary  happens  '  about  the  vernal  equinox,  at  which 
time  the  fouth  pole  of  the  earth  has  infinuated  itfelf 

the 
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the  moft  into  the  folar  atmofphere.  The  folar  at¬ 
mofphere  is  not  compleady  in  the  ecliptick.  For, 
as  the  fun’s  equator  now  recedes  to  the  north,  again 
to  the  fouth  from  the  ecliptick ;  this  alfo  happens 
to  the  point  or  vertex  of  the  zodiacal  light.  If  the 
equator  of  the  fun  recedes  from  the  ecliptick  to  the 
north  ;  alfo  the  point  of  the  zodiacal  light  has  its 
diftance  from  the  ecliptick  northwards.  On  the 
contrary,  it  lies  fouthward,  when  the  equator  of  the 
fun  declines  from  the  ecliptick  fouthward.  In  this 
manner  the  line,  going  from  the  point  of  the  zo¬ 
diacal  light  to  the  fun’s  centre,  is  in  his  equator.  If 
the  breadth  of  the  zodiacal  light  continues  to  en- 
creafe  conftantly  from  its  point  towards  the  fun  ;  it 
appears  from  this,  that  the  atmofphere  of  the  fun  is 
denfeft  under  his  equator,  or  extends  wideft  at  the 
fun,  and  from  the  equator  to  the  fun’s  poles  con- 
ftantly  decreafes  in  denfity.  This  is  owing  to  the 

fun’s  atmofphere  revolving  with  him  round  his  axis, 

* 

and  confequently  round  the  equator  raifed  to  a  cer~ 
tain  degree  of  height,  And  thus  the  folar  atmo¬ 
fphere  has  the  form  of  a  very  convex  glafs  on  both 
Tides.  The  edge  of  which  is  about  the  equator,  and 
goes  diredtly  to  the  eye.  But  both  the  convex  furfaces 
are  turned  away  from  the  eye,  and  are  about  the  pole 
of  the  fun.  Now  as  the  atmofphere  of  the  fun  with 
his  equator  recedes  from  the  ecliptick ;  the  earth  in 
her  annual  motion,  which  happens  in  the  ecliptick, 
cannot  at  all  times  plunge  equally  deep  into  the  fo¬ 
lar  atmofphere.  This  can  happen  the  mod  at  thofe 
places,  in  which  the  folar  atmofphere  erodes  the 
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ecliptick.  The  folar  atmofphere  inclines  to  the 
ecliptick  under  an  angle  of  y  ~  degrees,  and  inter- 
feds  it  in  two  oppofite  points  viz.  in  the  8th  de¬ 
gree  of  Gemini ,  and  in  the  8th  degree  of  Sagittarius, 
From  this  reafon  our  air  is  more  plentifully  than 
other  wife  charged  with  vapours  from  the  folar  at¬ 
mofphere,  when  the  earth  moves  through  the  figns 
of  Gemini  and  Sagittarius ,  which  happens  in  the 
months  of  November  and  May.  And  thus  alfo 
about  this  time  the  northern  lights  mu  ft  appear 
more  plentifully  than  at  any  other  time, 

And  thus  we  may  from  the  defeent  of  the  folar 
vapours  into  our  atmofphere  give  quite  natural  an- 
fwers  to  the  following  queries  :  as  why  the  northern 
lights  {fand  higher  by  far  than  the  vapours  mount¬ 
ing  up  from  the  earth :  why  the  north  is  the  proper 
place  in  which,  in  the  northern  countries,  the  north 
lights  are  obferved,;  and  why  in  a  certain  feafon  of 
the  year  they  appear  more  plentiful  than  in  another  ? 
But  from  the  laid  folar  vapours,  we  may  alfo  ex¬ 
plain  the  remaining  circumftances,  and  what  is 
otherwife  remarkable  about  the  northern  lights. 
Their  matter,  which  collects  from  the  folar  atmo- 
.  fphere  about  the  north  pole  at  a  height  of  igo  or 
more  miles,  forms  there,  as  it  were,  a  fpheroidal 
hood  or  dome  about  our  earth.  An  inhabitant  un¬ 
der  the  north  pole,  would  obferve  this  hood  diredly 
over  him,  and  fee  its  extremities  run  parallel  with 
his  horizon.  And  if  this  obferver  travelled  from 
{he  north  pole  fouth wards,  his  northern  horizon 

would 
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would  begin  to  cover  a  piece  of  this  hood  :  and  the 
farther  he  removed  from  the  pole,  would  cover  a  lar¬ 
ger  portion  of  it.  In  thefe  countries,  as  a tPeterfburg^ 
Lipfick ,  we  lie  pretty  diftant  from  the  north  pole; 
and  therefore  too  can  obferve  but  a  fmall  fegment  of 
the  laid  fpheroidal  hood  above  the  northern  horizon, 
its  greater  part  lying  concealed  under  it.  From  this 
it  very  eafily  appears,  whence  the  dark  fegment  and 
bright  arch  of  a  northern  ftiine  may  take  its  rife. 
The  fegment  of  the  fpheroidal  hood  above  the 
northern  horizon  appears  in  the  places,  that  are 
pretty  diftant  from  the  north  pole,  under  the  form 
of  the  fegment  of  a  circle,  whofe  bafe  is  the  hori¬ 
zon,  but  the  arch  raifed  over  it.  The  lower  parts 
of  the  matter,  forming  this  fegment,  or  thofe  ly¬ 
ing  nearer  the  horizon,  are  denfe  and  unenlighten¬ 
ed  ;  whereas  the  higher  are  fubtler  and  on  fire.  Now 
as  thefe  laft,  on  the  fcore  of  their  greater  height, 
feem  to  encompafs  the  firft  quite  round  above  the 
earth  ;  we  muft  needs  obferve  at  the  northern  hori¬ 
zon  a  dark  fegment,  and  about  that  a  bright  arch. 
If  at  a  ftili  greater  height  above  the  earth  there  is 
matter  extant,  which  is  fet  on  fire,  and  if  in  the  falling 
down  it  joins  the  matter  of  the  fpheroidal  hood ; 
another  bright  arch  muft  appear ;  which,  at  a 
greater  height  above  the  horizon,  appears  to  be  pa¬ 
rallel  with  the  firft.  And  fo  alfo  one  may  reprefent 
to  himfelf  the  produdlion  of  a  third  bright  arch, 
which  at  times,  yet  but  feldom,  makes  its  appear¬ 
ance  in  an  aurora  borealis.  A  northern  light  takes 
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its  beginning  Toon  after  twilight,  and  declines  from 
north  to  weft.  The  reafon  whereof  is  as  follows  : 
The  matter  of  the  folar  atmolphere  may  fall  as  well 
in  the  day-time  as  in  the  night  into  our  air,  and 

there  produce  northern  lights.  Thofe,  that  arife  in  the 

•»  • 

day-time,  cannot  be  feen  on  account  of  the  ftrong 
day-light.  The  matter,  which  produces  thefe,  has 
all  the  day  long  fufiicient  time  to  fall  down  fully  in¬ 
to  our  atmofphere,  and  to  collect  nearly  towards 
the  north,  and  there  to  lpread  itfelf  abroad  ;  fo  that 
then  in  the  northern  lights  which  we  obferve  in  the 
night,  it  takes  no  fhare.  But  if  the  fun  is  haften- 
ing  to  fet ;  the  wefterly  part  of  the  earth  is  oppofed 
to  the  fun,  and  confequently  the  wefterly  part  of 
our  air  is  the  mod  flocked  with  vapours  from  the 
folar  atmofphere.  During  the  twilight  they  have 
time  to  fall  down  into  our  air,  to  take  fire,  and  to 
make  a  beginning  for  a  northern  fhine  ;  and  which 
thus  loon  after  twilight  muft  appear  in  the  wefterly 
quarter.  But  if  in  time  thefe  vapours  fall  deeper 
down  into  our  air,  and  colled;  towards  the  north  ; 
it  is  eafy  to  conceive,  why  the  northern  fhine  ap¬ 
pears  with  the  growing  night  to  draw  more  and 
more  towards  the  northerly  part  of  the  heavens.  If 
Other  vapours  follow  thofe,  which,  towards  the  end 
of  the  twilight,  produce  the  dark  fegment  and  the 
bright  arch  ;  by  this  increafe  the  northern  fhine  will 
gradually  turn  greater.  Now  fuppofi ng,  that  thefe 
vapours,  in  falling  down  into  our  air,  acquired  the 
form  of  a  pillar  or  pyramid  ,  if  the  deafer  vapours 
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fink  down  quicker,  and  the  more  fubtle,  {lower,  and 
others  conftantly  follow  them,  fo  thereby  the  ap¬ 
pearance  of  a  bright  pillar  would  arife  ;  if  thefe  va¬ 
pours,  by  mixing  with  our  air  are  either  actually 
kindled,  or  at  leafb  enlightened  by  the  already 
kindled  matter  of  the  northern  light.  Such  a  pil¬ 
lar  of  vapour  falls,  in  the  direction  of  heavy  bodies, 
perpendicular  on  our  earth.  Whence  alfo  it  appears 
to  us  to  Hand  perpendicular  on  the  horizon.  But 
as  fuch  a  pillar  of  vapour  alfo  partakes  in  the  diur¬ 
nal  motion  of  the  air,  and  confequently  is  driven  to-  ' 
wards  the  north  pole  ;  fo  alfo  fuch  a  pillar  may  ap¬ 
pear  to  us  to  be  directed  towards  the  north  pole  of 
the  earth,  or  fet  upright  on  the  bright  arch  of  the 
northern  light.  Yet  an  accidental  collection  of  the 
matter  in  another  diredion  may  alfo  caufe  the ,  ap¬ 
pearance  of  a  pillar,  having  a  pofition  different 
from  the  former.  If  many  fuch  pillars  of  vapour 
hurry  down  into  different  parts  of  the  air  ;  we  mud 
needs  alfo  obferve  many  fuch  bright  pillars  or  rays, 
which  appear  to  interrupt  the  dark  fegment  of  the 
bright  arch,  and  render  it  unformed,  if  they  ap¬ 
proach  the  matter  thereof.  Whence  alfo  is  the  ap¬ 
pearance,  as  if  thefe  rays  were  fhot  upwards  out  of 
the  dark  fegment  and  light  arch :  efpecially  when 
the  kindling  of  fuch  a  vapour-pillar  happens  quick, 
and  from  below  upwards ;  as  the  undermod  vapours 
thereof  are  longer,  and  more  mixed  with  the  air, 

1  than  the  upper.  There  is  dill  another  manner  pof- 
fiblc,  in  which  bright  pillars  may  appear  to  the 

eye, 
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eye.  If  at  times  the  fun  fhines  through  the  rents 
of  the  clouds,  but  the  reft  of  the  heavens  over- 
caft ;  thefe  folar  rays  breaking  forth  out  cf  the 
clouds  become  vifible  to  us,  and  appear  like  rods 
(§.  484).  Now  if  we  reprefent  to  ourfeives,  that 
the  kindled  matter  of  the  northern  fhine  fo  eradiates 
in  like  manner  through  the  rents  of  the  matters, 
which  form  the  dark  fegment,  and  enlightens  the 
vapours,  ftrewed  up  and  down  in  the  air ;  it  is  eafy 
to  conceive,  how  in  like  manner  bright  rods  may 
be  produced  all  over  the  northern  fhine.  The  light 
rods  produced  in  this  manner  M.  Mairan  calls  rays ; 
but  thofe  produced  in  the  manner  above  defcribed, 
pilar s  :  and  is  of  opinion,  that  in  a  northern  fhine 
the  rays  have  arifen  far  oftener  and  in  greater  plenty 
than  the  pillars.  In  a  northern  fhine  we  may  often 
fee  bright  clouds,  fuddenly  arifing,  and  foon  again 
disappearing.  They  arife  in  the  fame  manner  as  the 
pillars.  The  vapours,  by  their  collection,  need  only 
form  an  irregular  figure,  and  in  falling  down,  be: 
kindled,  and  the  bright  cloud  appears.  Some  of' 
thofe  clouds,  in  which  the  accenfion  proves  long- 
fame,  are  of  feme  duration  :  others,  on  the  con¬ 
trary,  that  admit  a  free  accenfion,  fuddenly  difap- 
pear  again.  In  the  laft  cafe,  there  is  an  appearance 
as  of  lightening.  If  thefe  flafhes  follow  on  each- 
other  in  a  regular  manner  in  equal  times  almoft  : 
there  arifes  the  phenomenon,  ufually  called  the  vi¬ 
bration  of  light.  From  which  arifes  the  appearance  oi 
fiery  waves  feeming  to  roll  up  quite  to  the  heavens 
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namely,  if  the  vibrations  of  light  extend  along  the 
matter  ftrewed  ail  over  the  heavens  from  the  hori¬ 
zon  up  to  the  vertex.  If  we  at  times  obferve  an. 
uncommon  quivering,  or  tremor,  in  the  matter  of 
jthe  northern  light ;  the  caufe  thereof  is  to  be  afcribed 
to  the  variable  refraction,  to  which  the  rays  of 
ijlight  are  fubjedf,  fo  they  pafs  through  the  va¬ 
porous  matter,  ftrewed  up  and  down  ;  juft  fo  as 
objects  appear  to  us  in  a  tremor,  on  viewing 
.them  through  the  vapour  of  a  coal  fire.  The* 
northern  fhine  is,  in  its  greateft  degree  of  intenfe- 
Inefs,  when  the  pillars,  mounting  up  from  all  fides 
of  the  horizon,  exhibit  a  crown  near  the  vertex  or 
kenith.  The  whole  fcene  is  a  deception  of  the  fight. 

If  we  ftand  at  the  beginning  of  a  long  alley,  its 
Tides  appear  to  us  to  run  pointed  towards  the  end, 
•though  as  broad  at  the  end  as  at  the  beginning  (§. 
11476).  Now  fuppofing,  there  were  pillars  of  light 
jfet  at  certain  diftances  afunder  quite  round  in  our 
..air,  all  of  them  placed  upright  on  the  furface  of  our 
’horizon  ;  we  may  confider  them  as  a  number  of 
Ifiuch  alleys,  which  near  the  earth,  or  at  the  horizon 
ijippear  to  us  widely  expanded ;  on  the  contrary  on 
(nigh  to  run  pointed  towards  the  zenith,  and  there 
:o  exhibit  a  crown.  The  pillars  are  not  always,  in 
:he  manner  abovementioned,  perpendicular  on  the 
lorizon,  but  placed  from  fouth  to  north,  as  they 
oarticipate  of  the  diurnal  motion  of  the  air.  And 
hus  to  the  fouth  we  look  obliquely  into  thefe  alleys 
>r  rows  of  pillars.  And  hence  the  crown  appears  to 
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us  not  juft  in  the  zenith,  but  fomewhat  more  to¬ 
wards  the  fouth.  If  now  with  the  growing  night 

* 

the  fun  conceals  himfelf  deeper  under  the  horizon  j 
the  air  above  us  has  no  further  increafe  of  vapours 
from  the  folar  atmofphere,  now  averted  from  us« 
Now  as  the  vapours,  already  brought  into  our  air. 
by  virtue  of  the  diurnal  motion  of  the  air,  are  eves 
more  impelled  to  the  north  ;  the  northern  fhine 
muft  begin  to  turn  ever  weaker  and  weaker,  tc 
draw  towards  the  north,  and  there  at  laft  to  difap 
pear,  Suppofing  there  feil,  at  the  going  down  Oi 
the  fun,  the  laft  vapours  from  the  folar  atmofphere 
into  our  air  ;  and  which  thus,  during  the  twilight 
collected  towards  the  north  ,  at  the  end  thereof  W' 
fhouid  obierve  only  a  dark  fegment  and  bright  arch 
and  in  the  reft,  from  a  defect  of  the  confluent  mat: 
ter,  no  more  appearances  would  arife.  But*  at  thi 
going  down  of  the  fun,  fhouid  ftill  forne  vapour: 
fall  down  $  perhaps  a  lev/  pillars  or  bright  clouds 
or  the  like,  would  come  to  view.  Colours  are  pe 
culiar  to  light  (§.  219),  and  appear,  on  the  refrac 
tion  of  a  ray  of  light,  and  thereby  on  its  being  fpl 
or  divided  into  different  other  rays,  which  then  ma! 
produce  in  us  the  fenfation  of  this  or  that  other  cc 
lour.  And  thus  if  we  want  to  fee  into  the  poflib: 
jity  of  colours  in  the  cafe  of  a  northern  fhine ;  w 
need  only  conflder,  that  the  inflamed  matter  of 
northern  light  emits  plentiful  rays  in  all  diredlions 
in  like  manner,  that,  during  the  northern  fhim 
many  yet  uninflamed  vapours  are  ftrewed  up  an 
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down  in  our  air,  through  which  the  mentioned  rays 
of  light  pals,  are  there  refradled,  and  thus  produce 
colours.  Thefe  coloured  rays  of  light  reach  either 
directly  to  our  eyes,  and  excite  in  us  the  fenfation 
of  the  colour,  which  is  peculiar  to  them  ;  or  they 
enlighten  a  quantity  of  ftill  uninflamed  vapours, 
which  then  refledt  this  coloured  light  towards  us, 
and  thus  appear  coloured.  The  bright  clouds  of  a 
northern  fhine,  which  often  fhew  fiery,  take  in  this 
laft  manner  their  rife.  Hither  alfo  belongs  the  phe¬ 
nomenon  viz.  that  at  times  the  heavens  appear  all 
of  a  fire,  and- bring  to  our  mind  the  thoughts  of  the 
fiery  rain  of  the  ancients  •,  as  one  needs  only  re» 
prefent  to  himfelf  a  refledlion  of  the  light,  arifing 
either  from  a  great  quantity  of  the  denfe  and  unin¬ 
flamed  matter  of  the  northern  fhine,  or  alfo  from 
real  clouds  'in  our  air. 

CHAP.  VII. 

Of  the  Orbits,  Nature,  and  Effedts  of  Comets. 

6 28.  appearance  of  the  common  mo* 

i  tion  of  comets  (§.  594.)  arifes  from 
the  diurnal  motion  of  the  earth  about  her  axis 
(§.  596).  v 

§.  629.  In  their  proper  motion  they  appear  to 
proceed  in  their  courfe  under  certain  fixt  liars  (§. 
594),  and  there,  as  it  were,  at  the  limits  of  the  hea¬ 
vens,  all  the  time  of  their  being  vifible,  to  defcribe 
an  arch  of  a  circle.  To  determine,  and  delineate 
this  apparent  way,  on  aji  artificial  celeftial  globe  5 
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we  have  the  following  procefs  to  make.  We  look 
into  the  heavens  for  two  fixt  ftars,  between  which 
the  comet  fo  lies  in  a  right  line,  that  an  extended 
firing  may  cover  it  and  the  two  ftars  from  the  eye. 
At  the  fame  time  we  mark  with  a  firing  two  other 
ftars,  between  which  the  comet  in  like  manner  lies 
in  a  right  line.  And  then  we  feek  for  the  two  firfi 
on  the  celeftial  globe,  and  turn,  and  raife  and  de- 
prefs  it  fo  long,  till  both  ftars  ftand  together  in  the 
horizon.  The  arch  of  this  great  circle,  container 
between  thefe  ftars,  is  marked  with  chalk  or  white 

«  x 

lead.  The  two  laft  ftars  in  like  manner  are  brought 
to  the  horizon,  and  the  arch  between  them  marked 
The  point,  in  which  both  arches  mutually  interfed. 
is  the  apparent  place,  which  the  comet  had  had  at  the 
time  of  the  obfervation.  On  a  following  night  foui 
other  fixt  ftars  are  again  fought  out  in  the  heavens  j 
where  ever  between  two  of  them  the  comet  is  feer: 
in  a  right  line.  Thefe  ftars  we  feek  for  on  the  ce 
leftial  globe,  and  bring  as  well  the  firft  as  the  laft 
pair  to  the  horizon,  and  mark  the  arch.  TU 
point,  where  they  mutually  inter  fed,  is  the  appa, 
rent  place,  which  the  comet  had  had  at  the  time  o; 
the  fecond  obfervation.  Upon  this  we  fo  turn  the 
celeftial  globle  anew,  that  the  two  places  found  o:u 
the  comet  fliall  come  to  the  horizon  ;  and  we  mark 
as  well  the  arch  between  both  places,  as  alfo  the 
great  circle,  which  on  the  globe  coincides  with  the 
horizon.  And  in  this  manner  is  difcovered  the  ap:: 
parent  way,  in  which  we  may  fee  the  comet  proceeo: 

undei; 
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tinder  the  fixt  flars,  fo  long  as  it  continues  to  be 
vifible  to  us.  If  the  way,  the  comet  feems  to  take, 
is  a  great  circle,  we  may  at  the  fame  time  obferve 
on  the  celeftial  globe,  where  this  way  interfedls  the 
ecliptick  and  the  celeftial  equator ;  and  where  thus 
the  comet  appears  to  pafs  through  both,  when 
viewed  from  the  earth.  The  apparent  way  of  the 
comet,  obferved  in  1744,  was  by  the  obfervations 
made  at  Peterßurg ,  and  thofe  of  Mr.  profeffor  Hein- 
fitiSj  as  follows  :  Inftead  of  the  old  calendar  or  (tile, 
which  was  ufed  in  the  defcription,  I  fhall  take  the 
new.  On  January  16,  the  comet  was  for  the  firfl 
time  obferved  at  Peterßurg  in  the  confteilation  of 
Pegafus.  About  5  |  in  the  evening  it  flood  almoft; 

::  in  a  right  line  with  the  head  A  of  Andromeda ,  and 
5  with  Algenib ,  or  the  fear  F,  in  Pegafus ,  though  it 
1  declined  a  very  little  to  the'eaft  from  this  line.  It 
j  was  alfo  almoft  in  the  middle  between  both  thefe 
;  flars,  yet  a  little  nearer  F  than  A.  From  this  it 
I  was  judged,  that  the  place  of  the  comet  in  longi- 
i  tude  might  be  in  the  8th  degree  of  Aries,  with  a 
(I  northern  latitude  of  185  degrees.  On  January  19, 
I  about  feven  in  the  evening,  its  longitude  in  the 
I  ecliptick  referred  to  6  |  degrees  of  Aries  ^  with  a 
i  north  latitude  of  18  \  degrees.  On  January  30, 
m  about  fix  in  the  evening,  the  comet  appeared  in  a 
I  right  line  with  the  ftars  F  and  D  of  Pegafus ,  yet- 
fllfomething  almoft  imperceptible  to  the  weft  of  this 
j  line.  Its  place  in  longitude  was  in  1  t  degree  of 

■if Aries 3  with  a  north  latitude  of  19!  degrees.  On 

February 
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February  4,  about  a  quarter  after  eight  in  the  evern 
ing,  the  place  of  the  comet  was  in  the  29th  degree 
of  Pifces ,  with  a  north  latitude  of  20  degrees.  On 
February  18,  a  quarter  after  feven  in  the  evening, 
the  comet  was  to  be  feen  near  Marcab  in  Fegajus ,  or 
the  flar  C.  In  regard  to  the  ecliptick  it  appeared  to 
the  naked  eye  to  be  diflant  to  the  fouth  eafl  from 
the  faid  flar  about  a  fourth  of  the  moon’s  diameter ; 
which  was  tolerably  well  to  be  judged  of*  as  the 
moon  was  at  the  fame  time  in  the  heavens*  and  flood 
not  very  far  from  the  comet.  And  hence  its  longi- 

Ä 

tude  was  20  degrees  of  Pifces ,  but  its  north  latitude 
19  5  degrees.  On  February  20,  towards  feven  in 
the  evening,  we  could  eflimate  the  place  of  the 
comet  for  the  laft  time  ;  and  as  much  as  the  bright 
twilight  could  permit,  it  was  fuppofed  to  be  in  lon¬ 
gitude  about  the  1 8th  degree  of  Pifces ,  with  a  north 
latitude  fomething  over  1 8  degrees.  At  Laufamte , 
the  comet  was  obferved  the  year  before  on  Dec.  13. 
According  to  this,  and  the  other  obfervations  made 
at  Paris ,  Mr.  profeffor  Euler  in  his  Theoria  motuum 
planet  arum  &  cometarum ,  p.  100.  eflimates  the  lon¬ 
gitude  of  the  comet  for  December  13,  at  28°  26' 
13 for  January  3,  of  the  year  1744,  at  140  n' 
10'*,  for  January  7,  at  120  f  10  of  Aries. 

§.  630.  That  the  way,  in  which  we  obferve  a, 
comet,  is  its  true  and  real  path,  we  are  as  little  toi 
conclude  from  obferving  it  among  the  fixt  flars,  as; 
to  conclude  that  the  fun  runs  along  the  zodiack,, 
becaufe  he  there  appears  (597).  And  did  comets; 
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defcribe  circles  in  the  region  of  the  fixt  ftars  ;  they, 
as  little  as  the  fixt  ftars,  could  appear  at  one  time 
bigger  than  at  another.  The  comet,  whofe  appa¬ 
rent  courfe  we  have  been  juft  now  defcribing,  ap¬ 
peared  at  Peterjburg  from  January  16  to  January  24, 
2  744,  no  bigger  than  the  head  of  xindromeda ,  a  ftar 
ol  the  fecond  magnitude.  But  on  January  25,  it 
looked  bigger  and  brighter.  On  January  30,  it 
fhewed  equal  to  a  ftar  of  the  firft  magnitude.  On 
February  15,  the  body  of  the  comet,  through  the 
Gregorian  telefcope,  looked  oval.  The  greater  dia¬ 
meter  was  eftimated  as  large,  as  f  of  the  diameter  of 
the  difk  of  Saturn .  On  February  18,  it  was  rated  at 
February  27,  in  the  morning,  the  greater  diameter* 
through  the  Gregorian  telefcope,  looked  as  big,  as 
to  be  rated  at  |  of  the  diameter  of  the  difk  of  Saturn . 

-§.  631.  We  reprefent  to  ourfelves  the  paths  of  the 
comets  as  very  long  ellipfes,  and  we  fet  one  place, 
where  they  have  the  moft  curvity,  very  near  the 
fun.  The  reafon  whereof  is,  becaufe  comets  are 
vifible  to  us  only  for  a  fhort  time,  viz.  when  they 
arrive  in  the  regions  lying  near  thefun  ;  and  after  this 
become  invifible  again  for  a  very  long  time,  as  they 
accomplifh  their  courfe  at  a  very  wide  diftance  from 
us  and  the  fun.  Of  fuch  ati  elliptical  path  but  a 
fmall  portion,  which  a  comet  at  the  time  of  its  vifi- 
bility  defcribes,  is  known  to  us.  It  differs  not  al¬ 
together  fo  remarkably  from  a  very  fmall  portion  of 
a  parabola.  And  hence  it  is  called  the  parabolick 
path.  And  it  has  v  been  found  fufficient  to  exp  ain 
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the  courfe  of  the  comets  in  their  apparent  proximi¬ 
ty.  For*  after  having  found  out  certain  methods  of 
calculating,  from  a  few  obfervations,  the  courfe  01 
comets  in  foch  parabola's  ;  on  comparing  together 
the  calculated  places  of  a  comet  with  thofe  after¬ 
wards  obferved,  a! mod  quite  as  accurate  a  coinci¬ 
dence  has  been  perceived  as  in  the  cafe  of  the  pla¬ 
nets.  And  hereby  a  convidtion  arofe,  that  the  ways 
of  feveral  comets,  though  not  their  whole  revolu¬ 
tion  through,  yet  fo  far  forth  as  they  pafs  along 
in  our  neighbourhood,  are  determined  with  fuffi- 
cient  certainty.  This  is  the  notion,  communicated 
in  general  by  Mr.  profelTor  Heinßus  in  his  mentioned 
defcription  of  the  paths  of  comets. 

If  one  would  form  to  himfelf  a  reprefentation  on 
paper,  how  during  the  whole  time,  that  a  comet  in 
its  parabolick  path  has  either  approached  to,  or 
removed  from  the  fun,  it  mud  have  appeared  to  the 
eye,  as  if  it  proceeded  through  the  zodiack  :  this  may 
be  done  as  follows  :  you  defcribe  round  the  fun  S5 
fig.  i.  plate  xii.  the  orbit  of  the  earth,  and  round 
this,  the  zodiack.  You  mark  in  the  earth's  orbit 
the  places,  in  which  the  earth  has  been  for  every 
day,  at  which  the  comet  was  obferved  in  a  determi¬ 
nate  place  of  the  heavens.  Thefe  places  fland  op- 
pofite  to  the  places  of  the  zodiack,  in  which  the 
fun  had  appeared  to  be.  And  thus  if  you  draw 
from  the  apparent  places  of  the  fun  in  the  zodiack 
through  the  fun  to  the  earth’s  orbit  right  lines  ; 
thefe  interfeft  the  earth’s  orbit  in  the  true  places  of 
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the  earth.  In  the  zodiack  we  obferve  the  degrees, 
to  which  the  comet  each  day  of  obfervation  is  re¬ 
ferred  :  from  thefe  degrees  we  draw  right  lines  to 
the  places,  in  which  the  earth  in  her  orbit  had  been 
on  thofe  very  days,  on  which  the  comet  in  longitude 
was  referred  to  the  faid  degrees.  If  one  knows, 
how  diflant  the  comet  might  have  been  on  a  certain 
day  from  the  fun  and  earth  ;  this  diftance,  on  the 
line,  drawn  for  this  day  from  the  place  of  the  earth 
to  the  place  of  the  comet  in  longitude  in  the  zo¬ 
diack,  gives  the  place  of  the  comet  in  her  parabo- 
lick  path  on  this  day.  Now  if  from  this  place  to 
the  fun  we  draw  a  parabolick  line,  which  near  the 
fun  is  curve :  and  we  carry  it,  on  the  other  fide 
thereof,  on  to  the  zodiack ;  the  points,  in  which 
the  lines  drawn  each  day  of  obfervation  from  the 
true  place  of  the  earth  in  the  zodiack  to  the  obferved 
longitude  of  the  comet,  are  interfered,  fhew  the 
places,  into  which  the  comet  from  time  to  time  is 
come.  And  thus  we  may  form  to  ourfelves  the 
following  reprefentation  nearly  of  the  path  the  comet 
of  1 744  took.  It  lay  between  the  fun  and  that  part 
of  the  earth’s  orbit,  which  the  earth  at  the  time  of  the 
comet’s  vifibility,  had  run  over.  On  January  19,  the 
comet  was  fome  little  way  more  diftant  from  the 
fun,  than  the  earth  from  the  fun.  On  January  19, 
the  place  of  the  comet  in  longitude  was  in  the  fe- 
venth  degree  of  Aries  %  and  the  earth  v/as  in  *?,  the 
fun  appearing  to  be  in  the  29th  degree  of  Capricorn. 

And  thus  the  cornet  may  have  been  in  its  elliptical 
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or  parabolical  path  in  E.  Defcribe  round  the  ftrn 
for  the  curvity  of  the  comet  the  curve  line  n  P  o9 
which  on  one  fide  of  the  fun  takes  its  way  from  n 
through  E  towards  the  zodiack,  and  on  the  other 
fide  proceed  §  from  o  in  like  manner  towards  the  zo¬ 
diack.  And  thus  the  cornet  was  on  December  13, 
1743,  in  A;  January  3,  in  B  ;  January  7,  in  C; 
January  16,  in  D ;  January  19  in  E  ;  January  30, 
in  F  j  February  4,  in  G;  February  18,  in  H  *,  and 
February  20,  in  I.  For,  on  December  13,  1743* 
the  earth  was  in  a  •  January  3,  in  b  ;  January  7,  in 
c January  16,  in  d\  January  19,  in  e ;  January 
30,  in  /k  February  4,  in  g February  18,  in  h9 
and  February  20,  in  i  \  in  regard  the  fun  appeared 
to  have  his  oppofite  place  in  the  zodiack  on  Decem¬ 
ber  13,  in  220  of  Sagittarius  \  January  3,  in  130  of 
Capricorn ;  January  7,  in  1 70 ;  January  1 6,  in  26°  ^ 
January  io,  in  290  of  Capricorn  and  on  January 
30,  in  ii°  of  Aquarius ,  and  on  February  20,  in  qP 
or  Pifces.  So  that  from  the  earth  from  a  the  comet 
mull  have  been  feen  December  13,  in  the  zodiack  in 
2 90  of  Aries ;  January  3,  from  b  in  150 ;  January 
7,  from  c  in  130;  January  16,  from  d  in  8°  ;  Ja¬ 
nuary  19,  from  e  in  70 ,  January  30,  from  /  in  20 
of  Aries  ;  February  4,  from  g  in  290  of  Pifces  ;  Fe¬ 
bruary  18,  from  h  in  20°,  and  on  February  20,  from 
i  in  18?  of  Pifces. 

From  this  at  the  fame  time  it  is  evident,  why 
this  comet  all  the  time  of  its  vifibility  muff  have  ap¬ 
peared  to  us  to  be  retrograde  i  whereas  its  true  courfc 
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was  fuch,  that  could  we  have  been  in  the  fun,  and 
obferved  it  from  thence,  we  fhould  have  feen  it  di- 
red:.  At  the  end  of  February  it  came  to  be  in  con¬ 
junction  with  the  fun,  at  which  time  it  could  not  be 
ieen  on  account  of  the  fun’s  fplendor. 

§.  632.  The  nearer  comets  come  to  the  fun,  the 
more  intenfely  are  they  heated  by  his  rays.  The 
diflance  of  the  faid  comet  from  the  fun  amounted 
on  February  29  to  about  of  the  mean  diitance  of* 
the  fun  from  the  earth.  And  thus  its  diflance  from 
the  fun  was  to  that  of  the  earth  from  the  fun,  as  1 
to  3.  Nov/  the  intenfenefs  of  the  light  in  a  nearer 
diitance  to  its  denfity  in  a  wider,  is  as  the  fquare  of 
the  wider  to  the  fquare  of  the  nearer  diflance  (§. 
146).  And  therefore  the  degree  of  heat,  which 
the  comet  on  Februry  29  had  from  the  fun,  to  the 
heat  of  the  earth,  was  as  9  to  1.  According  to 
Newton ,  the  heat  of  boiling  water  is  about  3,  arid 
of  glowing  hot  iron  9  times  as  great,  as  the  heat, 
which  a  dry  earth  with  us  has  from  the  fun’s  heat  in 
hot  fummer  days.  And  thus  the  comet  was  on 
February  29  expofed  to  fo  great  a  degree  of  heat,  as 
that  of  a  glowing  hot  iron.  The  comet  of  1680 
was  in  a  2000  times  greater  degree  of  heat.  For, 
its  diflance  from  the  fun  was  to  the  diflance  of  the 
earth  from  the  fame,  as  6  to  1000.  And  confe- 
qently,  the  intenfenefs  of  the  addon  of  the  folar  rays 
on  the  comet,  to  the  intenfenefs  of  their  addon  on  the 
earth,  as  1000000  to  36,  that  is,  as  28000  to  1. 
Suppofmg  the  heat  of  a  glowing  hot  iron,  to  the 
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heat  of  boiling  water,  to  be  not  as  9,  but  as  12  to 
1  ;  yet  the  heat  of  a  glowing  hot  iron  would  be 
contained  above  2000  times  in  that,  which  the  co¬ 
met  had  to  abide.  Newton  Principia ,  lib.  3.  prop.  41. 

§.  633.  It  is  afked,  whether  comets,  on  being  ex- 
pofed  to  fo  intenfe  a  degree  of  heat,  become  glow¬ 
ing  hot  ?  The  time  of  their  continuance  therein  ap¬ 
pears  to  be  too  fhort  for  that  ptirpofe,  confidering 
too  the  magnitude  of  comets.  A  body  gains  its  de¬ 
gree  of  heat,  juft  in  the  manner  it  lofes  it.  Now 
the  times  of  cooling,  in  equally  hot  balls  of  one  and 
the  fame  matter,  are  to  each  other  as  their  diame¬ 
ters,  when  in  contact  with  one  and  the  fame,  and 
an  equally  cold  matter  (§.  132).  And  fo  the  time, 
in  which  a  greater  ball  A  is  heated,  to  the  time  a 
lefs  B  heats  of  the  fame  fpecies  in  an  equal  degree 
of  heat,  will  be  as  the  diameter  of  the  greater  A,  to 

the  diameter  of  the  lefs  B.  In  the  region,  where 
a  comet  is,  the  fun’s  heat  may  be  fo  intenfe,  as  that 

an  iron  ball  an  inch  thick  might  become  glowing 
hot  in  a  minute.  And  thus  a  year  would  be  requi- 
lite  to  make  an  iron  ball,  whofe  diameter  amounted 
to  525600  inches,  become  glowing  hot  at  this  de¬ 
gree  of  proximity  to  the  fun.  For,  fo  many  mi¬ 
nutes  a  year  confifts  of.  The  comet  of  1744  ap¬ 
peared  oval,  and  its  greater  diameter  contained 
1376;  and  its  leaft,  917  German  miles.  The  mean 
number  of  which  we  will  affume  (§.  609),  and  thus 
reprefent  to  ourfeives  the  comet  as  a  ball,  whofe 
diameter  is  1146  miles.  Now  confider  we,  that  on 
'  ■  /  January 
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January  19,  it  was  ftill  fomewhat  more  diftantfrom 
the  fun  than  the  earth 5,  and  already  at  the  end  of 
February  had  begun  to  remove  from  the  fun  ;  there 
is  no  reafon  why  in  this  fhort  time  it  fhould  become 
glowing  hot.  Yet  comets,  that  come  fo  near  the 
fun,  as  came  that  of  1680,  may  perhaps  become 
glowing,  when  they  have  a  heat  to  abide  2000  times 
more  intenfe  than  the  heat  of  a  glowing  hot  iron. 

§.  634.  But  though  we  have  no  fufncient  grounds 
to  hold  comets  for  bodies  fufceptible  of  being  fet  on 
lire  by  the  fun  ;  yet  this  we  may  maintain,  that  they 
are  enlightened  by  him.  For,  the  nearer  they  come 
to  the  fun,  the  more  intenfe  their  light ,  and  on  the 
contrary,  the  weaker,  the  farther  they  remove  from 
him.  And  fo  the  light  of  the  comet  of  1 744,  from 
the  beginning  of  its  appearance  till  February  2 1  be¬ 
come  more  intenfe.  And,  indeed,  till  the  fame 
time  it  alfo  all  along  approached  nearer  to  the  earth. 
But  though  after  February  21,  it  obfervably  remov¬ 
ed  in  a  fhort  time  from  the  earth  ;  as  its  path  was 
partly  very  curve,  and  partly  the  earth  in  her 
orbit  followed  it  not  fo  quick  •,  yet  however  it  ftill 
gained  fome  increafe  of  light  till  February  2 9,  as  till 
then  it  ever  approached  ftill  nearer  to  the  fun. 

That  comets,  either  from  their  nature,  or  from 
an  accenfion,  otherwife  caufed,  fhould  fhine,  can 
by  no  means  be  affirmed  with  any  foundation.  Only 
the  greatnefs  of  their  illumination  caufes  fome  doubt 
in  this  refpedt.  A  comet,  that  by  the  theory  fhould 
appear  enlightened  but  half,  as  a  quai  ter  moon,  or 
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horned,  appears  with  full  light.  Mr.  profeflorj 
Heinfus  removes  this  doubt,  as  deriving  the  full 
fhine  of  a  comet  from  the  illumination  of  its  va¬ 
pours,  and  from  the  refraction  of  the  folar  rays. 
The  vifible  vapours,  which  the  atmofphere  of  a  co¬ 
met  confifts  of,  fpread  through  a  wide  fpace  all 
around  it ;  but  are  ever  more  condenfed,  the  nearer 
they  are  to  its  body.  The  laft  is  evident  from  the 
different  degrees  of  the  light.  For,  near  the  body, 
it  is  intenfeft,  and  ever  decreafes  to  the  limits  of  the 
apparent  atmofphere  ;  as  Mr.  profeffor  Heinßus  re¬ 
prefen  ts  this  in  his  cited  defcription  on  plate  i.  in 
the  figure  of  January  5.  On  reckoning  from  the 
firm  furface  of  the  comet  of  1 744,  the  height  of  its 
apparent  atmofphere  was  eftimated  at  above  8000 
German  miles. 

Suppofe  B  D  F,  fig.  4.  plate  xi.  to  be  the 
body  of  the  comet,  K  E  N  to  denote  the  out- 
molt  extent  of  its  atmofphere,  and  I  HG  to  ffepa- 
rate  a  part  thereof  near  the  furface  of  the  body  or 
nucleus,  where  the  vapours  are  moft  condenfed. 
Further,  fuppofe  the  line  C  A  from  the  centre  C  of 
the  body  to  be  directed  towards  the  fun,  and  C  E 
towards  the  earth,  and  to  Hand  perpendicular  on 
A  C.  When  the  body  of  the  comet,  in  the  manner 
of  the  other  planets,  is  enlightened  by  the  fun,  its 
half  only  D  B  QJs  fo.  But  from  the  earth  the  half 
B  D  F  will  be  feen,  juft  as  the  moon  appears  in  her 
quarter ;  as  only  B  D  of  the  enlightened  part  there¬ 
of  is  turned  to  the  earth.  And  yet  the  body  of  the 
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comet  appears  full.  Now  whence  arifes  this  light  ? 
Suppofe  O  D  to  reprefent  a  ray  of  light,  parallel 
with  A  C,  in  D  touching  the  body  of  the  comet, 
and  in  G  illuminating  a  vapour,  lb  liruated  as  that 
P  G  falls  parallel  with  C  E.  Under  thefe  circum- 
ilances  it  is  clear,  that  the  part  RHGof  the  atmo- 
fphere  IHG,  enlightened  by  the  fun,  will  produce 
the  very  fame  effed  in  our  eyes,  as  the  half  of  the 
body  BDP  adually  enlightened.  We  have  allow¬ 
ed  the  ray  O  D  G  to  pafs  unrefraded  through  the 
atmofphere  of  the  comet.  No  doubt,  but  that  the 
rays  of  light  in  fo  very  large  an  atmofphere  mull 
be  very  greatly  refraded.  And  therefore  the  ray 
S  K  falling  parallel  with  A  C  mu  ft  be  propagated 
through  the  atmofphere  in  a  curve  line  KLM; 
which  confequently  will  meet  with  vapours,  that 
partly  lie  much  nearer  the  body  as  G,  partly  lie 
much  more  diftant  behind  in  the  part  I  H  G  of  the 
atmofphere  averted  from  the  fun. 

§.  635.  The  tail  of  a  comet  extends  out  of  its  at¬ 
mofphere  into  the  region  of  the  heavens  averted 
from  the  fun  through  a  very  wide  fpace  ;  and  is  en¬ 
lightened  by  the  folar  rays,  which  force  through  the 
atmofphere.  This  tail,  according  to  the  different 
pofitions,  it  has  to  the  earth,  and  the  magnitude  of 
the  diflance  therefrom,  appears  now  longer,  again 
fhorter.  For  inftance,  fuppofe  the  earth  in  D, 
fig.  5.  plate  vii.  and  the  comet  in  A,  and  its  tail 
A  B  to  form  at  A  with  the  vifual  line  D  A,  in 
which  the  comet  is  feen,  a  right  angle  :  fo  that  the 
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length  of  the  tail  appears  under  the  angle  B  D  A. 
But  if  this  equally  long  tail  A  C  forms  with  the  vi¬ 
sual  hne  D  A  at  A  an  oblique  angle  ;  its  length  then 
appears  under  the  angle  C  D  A.  Now  as  this  is 
lefs  than  the  angle  BDA;  the  tail  in  the  latter  po- 
fition  appears  lefs,  and  in  the  fiifl,  greater ;  though 
its  length  has  remained  unchanged,  and  neither 
greater  nor  lefs.  But  alfo  the  length  of  the  tail  it- 
felf  may  decreafe  and  increafe.  In  order  from  the 
apparent  to  find  the  true,  the  angle,  under  which 
the  length  appears,  and  the  diflancc  of  the  comet 
from  the  earth  at  the  time  of  obfervation,  mull  be 
known.  And  thus  at  Peterßurg  on  February  4, 
1 744,  the  length  of  the  comet’s  tail  was  obferved 
under  an  angle  of  26  degrees,  and  the  true  length 
found  to  be  7000000  miles. 

§.  636.  The  tail  of  a  comet  arifes  from  the  va¬ 
pours  of  its  atmofphere,  being  driven  away  by  the 
fun  into  the  sether,  the  heat  of  the  folar  rays  ex¬ 
panding  or  rarefying  the  comet’s  atmofphere.  Here 
we  have  three  queries  to  examine.  As  1.  Whence 
arife  the  vapours  in  the  comet’s  atmofphere  ?  2. 
How  the  vapours  therein  can  rife  to  fo  great  a 
height,  and  be  kept,  as  it  were,  floating  therein  ? 
3.  How  the  rifing  of  the  vapours  happens,  and  how 
from  them  the  tail  arifes  ?  A  full  anfwer  to  thefe 
queries  Mr.  profefior  Heinfius  has  communicated  in 
his  cited  defeription,  p.  61—103. 

The  vapours  arife  from  the  body  of  the  comet. 
That  they  fhould  derive  from  the  folar  atmofphere  is 
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improbable  on  this  account  5  viz.  as  otherwife 
Mercury  and  Venus,  which  are  conftantly  in  the  part, 
in  which  comets  appear  with  their  atmofpheres,  muft 
have  been  encompaffed  with  fuch  vapours.  Further, 
wc  know  of  no  other  heavenly  body,  from  which 
the  vapours  of  comets  might  be  derived.  The 
more  intenfely  a  comet  is  heated  by  the  folar  rays, 
the  greater  quantity  of  vapours  appears  on  it. 
Whence  it  is  evident,  that  the  body  of  a  comet  eva¬ 
porates.  The  comet  of  1 744  is  an  inftance  in  point. 
On  January  t 6,  as  it  ftill  flood  fomewhat  more  dif- 
tant  from  the  fun  than  the  earth  from  the  fame,  the 
light  of  its  atmofphere  was  very  weak,  and  at  a 
greater  diflance  from  the  body  flill  weaker.  On  the 
contrary,  on  February  5,  as  the  comet  was  only 
about  I  fo  diflant  from  the  fun,  as  the  earth  from 
the  fame,  there  appeared  on  the  under  limb  of  the 
body,  obverted  to  the  fun,  a  peculiar  bright  vapour 
under  the  form  of  a  beard.  Thefe  vapours  gradually 
drew  themfelves  up  more  to  the  body,  fo  as  already 
on  February  15  to  have  reached  to  half  the  body, 
and  on  February  27  to  have  occupied  the  whole 
body.  From  February  15  to  27,  feveral  layers  or 
couches  of  vapours,  diftinguiflied  from  each  other 
by  the  intenfenefs  of  the  light,  arofe  gradually  from 
the  body  and  followed  upon  each  other. 

The  vifible  atmofphere  of  the  comet  of  1 744 
was  above  8goo  miles  high.  How  is  it  pofilble  that 
vapours  can  reach  to  fo  great  a  height,  and  there  re¬ 
main  floating  ?  In  our  atmofphere  watery  exhala¬ 
tions 
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dons  mount  up  and  float,  if  fo  fubtilized  by  the 
heat,  as  that,  by  virtue  of  the  force  of  cohe- 
fion,  they  come  into  equilibrium  with  equally 
large  particles  of  air  (§.  136).  Comets,  that  ap¬ 
proach  the  fun,  have  no  want  of  heat  (§.  632).  Yet 
they  muft  be  furnifhed  not  only  with  a  matter  adapt¬ 
ed  for  evaporation ;  but  they  muft  alfo  admit  the 
being  refolved  into  infinitely  finer  vapours  than  our 
water.  The  air,  that  lies  next  to  the  furface  of  a 
comet,  enlightened  by  the  fun,  is  doubly  heated  ; 
one  time,  immediately  by  the  affaiJing  folar  rays ; 
and  another,  by  the  heat  the  body  of  the  comet  in 
like  manner  acquires  from  the  fun.  The  air,  bor¬ 
dering  on  the  body  of  the  comet,  therefore,  on 
the  fide,  obverted  to  the  fun,  is  more  violently- 
heated  and  expanded,  and  confequently  lighter  than 
the  higher  air.  So  that  a  motion  arifes  ;  the  air, 
nearer  the'  body,  and  more  expanded,  and  become 
lighter,  palling  through  the  denfer,  and  carrying 
along  with  it  the  vapours  hanging  therein.  This 
air  alfo  puts  that,  through  which  it  paffes,  into 
motion.  The  place  of  the  air,  fir  ft  afcending,  is 
quickly  fupplied  by  other  air,  which  partly  by  its  own 
elafticity,  partly  by  the  heat  of  the  fun  and  comet, 
is  expanded.  And  thus  there  arifes  an  inceflant 
motion  in  the  comet’s  atmofphere,  which,  like  a  wind, 
proceeds  towards  that  quarter,  where  it  finds  the  leaft 
refiftance.  This  motion  is  ever  propagated  to  more 
diftant  regions.  And  in  this  manner,  the  ftill  more 
fubtle  vapours  are  carried  off  to  ever  remoter  re¬ 
gions  along  with  the  ftill  more  fubtle  air,  in  which 
3  they 
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they  continue  to  float-  And  hereby  arife  the  above 
mentioned  layers  or  couches  of  vapours  •,  in  regard 
the  denfity  of  the  air,  and  confequently  of  the  va¬ 
pours,  at  the  lefs  diftances  is  greater  \  and  at  the 
greater,  lefs. 

The  vapours  of  the  comet’s  atmofphere  were 
forced  off  out  of  it  into  the  aether  by  the  heat  of  the 
foiar  rays.  And  in  this  manner  the  form  of  a  tail 
comes  to  appear,  the  afcending  vapours  being 
enlightened  by  the  fun.  Suppofe  a  b  fig.  5.  plate 
xi.  to  be  the  body  of  the  comet,  and  d  efi  to  re- 
prefent  its  round  atmofphere,  and  the  line  c  d  S  to 
be  direded  towards  the  fun  S,  and  ec  i  to  (land  per¬ 
pendicular  thereon.  Draw  k  l  and  m  n  parallel  with 
e  z,  and  you  have  two  fundry  couches  of  air  incum¬ 
bent  on  each  other,  e  kl  i  and  kmnl\  of  which 
e  k  l  i  (lands  more  diftant  from  the  fun  than  k  m  n  h 
If  the  fun  adls  with  his  heat  on  the  next  couch  to 
him  kmnl\  the  elaftick  force  of  the  air  will  be 
throughout  increafed  therein.  So  that  each  parti¬ 
cle  of  air  of  this  under  couch  will  feek  to  expand 
itfelf  towards  the  air  particles  of  the  immediately 
upper  couch  e  k  l  z,  and  communicate  thereto  in  a 
diredion  parallel  with  cf  a  continued  motion,  fo  the 
air  in  ekli  differs  not  a  too  great  refiftance  from 
that  (landing  over  it  0  u  But  it  falls  away  or  ceafes, 
if  alfo  the  heat  of  the  fun  forces  into  this  and  into  the 
dill  higher  couch  and  into  all  the  other  couches. 
And  thus  the  degrees  of  elafticity  are  changed  in  all 
the  couches  In  the  undermoft  couch  reigns  the 
ftrongeft  \  in  the  following  it,  a  weaker  degree. 

For, 
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For,  in  the  under  mod  the  heat  of  the  fun  a£ls  the 
mod  intenfely.  And  thus  the  eladicities  decreafe 
with  the  increafmg  heights.  So  that  the  under  couch 
is  always  capable  of  forcing  into  the  next  upper. 
Now  if  all  thefe  expanfions  manifed  themfelves  at 
the  fame  time,  and  towards  the  fame  point,  as  in 
the  diredlion  c  f-9  on  the  fcore  of  the  quantity  of 
thefe  coinciding  expanfions  a  very  intenfe  degree  of 
motion  mud  arife  in  the  diredlion  cf9  whereby  there 
mounts  up  a  tail  away  from  the  fun.  In  the  comet 
of  1 744  on  February  4,  the  didance  of  its  head  to 
that  of  the  extremity  of  its  tail  from  the  fun  was  as 
7  to  ii.  And  confequently  the  degree  of  heat  at 
the  head  to  that  of  the  end  of  the  tail,  as  the  fquare 
of  11  to  the  fquare  of  7,  that  is,  as  12 1  to  49,  or 
nearly  as  5  to  2.  For,  the  degree  of  intenfenefs  of 
the  fun’s  heat  is  proportioned  to  the  denfity  of  the 
rays  (§.  146).  The  fun’s  heat  at  the  head  of  the 
comet  mud  therefore  have  gradually  decreafed  about, 
I  of  its  whole  intenfenefs  through  an  extent  of 
7000000  miles  quite  through  each  couch,  that  at 
lad  at  the  end  of  the  tail  dich  a  fmall  degree  of  heat 
fhould  obtain,  a$  was  to  the  intenfed  as  2  to  5.  And 
thus  on  account  of  the  equilibrium  being  dedroyed 
at  once  in  ail  the  couches  by  the  fun’s  heat,  there 
mud  arife  in  them  at  the  fame  time  a  quick  mo¬ 
tion. 

According  to  the  explanation  hitherto  given, 
the  vapours  mount  up  on  high  in  right  lines,  run¬ 
ning  parallel  with  the  line  /  c.  But  experience 
fliews,  that  the  pillars  of  vapour  rife  up  in  an  ob¬ 
lique 
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lique  direction,  for  inflance  q  x  and  y  z.  Alfo  the 
vapours  colleCt  at  a  confiderable  diftance  from  the 
body  of  a  comet  towards  the  fun  *3  and  then  on 
both  ildes  mount  up  in  a  curve.  The  reafon  where¬ 
of  is  to  be  fought  for  in  the  different  denfities  of  the 
air  in  the  comet’s  atmofphere.  The  nearer  the  air 
of  a  comet  is  to  its  body,  the  denfer  it  is.  In  j,  q,  r, 
fuppofe  there  be  three  parts  of  air*  that  lie  imme¬ 
diately  on  each  other,  are  equally  diftant  from  the 
body,  and  confequently  equally  denfe.  They  may, 
further,  lie  in  three  different  couches,  as  s  in  the 
under,  q  in  the  middle,  and  r  in  the  upper.  And 
therefore  the  elaflick  force  in  $  is  intenfer  than  in  q  \ 
and  in  y,  than  in  r.  And  confequently  the  air  q 
may  indeed  expand  from  q  to  r,  but  not  from  q  to 
s.  Now  further  the  air  q  in  the  line  e  i  on  both 
fides  is  in  like  manner  encornpaffed  with  air,  as  in  t 
and  v  ;  with  a  denfer  /  to  a  towards  the  body,  and 
with  a  rarer  v  towards  e.  As  thefe  air-portions  lie 
in  one  and  the  fame  couch  with  the  part  q ;  they 
are,  indeed,  expofed  to  a  like  degree  of  the  fun’s 
heat,  whereby  their  elaflicity  is  increafed.  But  as 
the  portion  of  air  q  is  rarer  than  the  portion  of  air  1 5 
and  denfer  than  the  portion  of  air  v ;  the  elaflick 
force  in  q  is  weaker  than  in  t  \  and  intenfer  than  in  v. 
So  that  the  air  cannot  expand  towards/,  but  perfect¬ 
ly  well  towards  v.  And  therefore  the  air  qy  which, 
as  was  fhewn  a  little  before,  has  a  tendency  towards 
r,  at  the  lame  time  feeks  a  way  for  itfelf  towards  v. 

And  thus  moves  between  the  lines  q  r  and  q-u  along 

the 
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the  oblique  line  qx  (§.  13).  From  the  like  reafofis 
the  air  in  jy  on  the  other  fide  of  the  body  of  the  co¬ 
met  mini:  mount  up  on  high  along  the  oblique  line 
y  In  this  manner  one  may  eafily  fee,  why  the 
vifible  atmofphere  expands  towards  mg  and  nh . 
The  air,  which  in  the  under  atmofphere  towards  the 
fun,  for  inftance,  in  «,  is  nearer  the  body  than,  the 
air  between  oc  and  d,  muff  by  virtue  of  its  greater 
denfity  expand  away  from  the  body  towards  the 
fun.  Yet  this  expanfion  is  fomewhat  weakened  ; 
as  the  air  lying  towards  d  and  nearer  to  the  fun  is 
fomewhat  more  elaftick.  But  now  alfo  the  air  u  on 
both  Tides  of  the  body  of  the  comet  a  and  b  fhocks 
againft  another  air,  equally  denfe  therewith,  but  on 
the  fcore  of  its  greater  diftance  from  the  fun  lefs 
elaftick.  And  confequently  a  part  of  the  air  a , 
which  feeks  to  expand  as  well  towards  d ,  as  laterally 
from  a  and  b9  by  thefe  confpiring  forces  (§.  13.) 
will  take  its  courfe  along  <%  ß  *,  and  another  part  the 
diredlion  along  &  y.  The  air  in  and  e,  on  account 
of  its  greater  denfity,  in  which  it  exceeds  the  air  in 
dy  in  like  manner  feeks  to  expand  down  towards  d  ; 
and  on  account  of  its  intenfer  elafticity,  wherewith  it 
exceeds  the  lateral  air,  to  expand  Tideways.  And 
thus  by  thefe  confpiring  forces  it  takes  a  middle 
courfe  from  along  S'  m9  and  from  g  along  g 
From  thefe  compound  expanfions  arifes  a  curvili¬ 
near  motion,  at  firft  manifefting  itfelf  from  the  body 
away  to  the  fun,  but  foon  after  fwerving  more  and 

more  from  this  direction,  and  on  both  Tides  the 

% 
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body  mounting-  up  on  high.  The  elafhicity  of  the  air 
in  ol  is  at  the  fame  time  heightened  by  the  heat  of 
the  body  of  the  comet,  communicated  thereto  by 
the  fun.  And  therefore  the  air  expands  farther 
from  ct,  downwards  to  before  it  breaks  forth  into 
the  curvilinear  motion  on  both  tides  the  body,  than' 
it  would  do,  were  its  elafhicity  increafed  barely  by 
the  immediate  heat  of  the  fun. 

The  tail  of  a  comet  goes  out  of  its  atmofphere 
far  quicker  than  the  ftrongeft  wind  in  our  air.  The 
wind,  by  which  in  1736  September  21,  high  water 
was  caufed  in  the  ftream  of  the  Nerva ,  accomplifhed 
in  the  fpace  of  a  fecond  a  way  of  119  Paris  feet. 
Had  this  wind  continued  its  courfe  with  equal  velo¬ 
city,  it  would  have  made  in  a  day  1713600  Paris 
toifes,  or  450  German  miles,  15  of  which  confift  of 
5J060  toifes.  A  wind  is  ever  quicker,  the  more 
intenfe  the  elafhicity  of  the  air,  in  which  it  arifes , 
and  the  more  the  elafhicity  of  the  yielding  air  de- 
creafes,  and  the  farther  this  decreafe  extends  in 
length.  Now  if  we  confider  the  great  degree  of  heat* 
which  the  comet  of  1 744  was  expofed  to  in  the  neigh- 
-  bourhood  of  the  fun  (§.  632)^  how  intenfdy  there¬ 
fore  mult  the  elafhicity  of  its  atmofphere  have  been 
increafed.  Confider  only  how  inconfiderable  the 
force  may  be,  wherewith  the  fubtle  sether  withftands 
the  mounting  vapours.  And  thus,  without  any 
danger  of  doing  violence  to  probability,  we  may  ap¬ 
propriate  a  degree  of  velocity  thereto,  with  which  in 
a  day  it  would  have  made  100000  miles.  Mr.  pro- 
Vol,  II,  A  a  feflbr 
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fefibr  Heinfius  in  his  defcription,  p.  45.  fiiews,  that 
the  true  length  of  the  tail  contained,  in  a  hundred 
parts  of  the  mean  diflance  of  the  fun  from  the  earth 
on  January  16,  14  fuch  parts,  and  on  February  2, 
35.  So  that  in  17  days  the  tail  was  lengthened 
about  21  fuch  parts.  A  hundred  parts  make  22000 
femidiameters  of  the  earth,  and  confequently  21 
make  4620  fuch  parts.  And  thus  on  one  day  there 
were  271  for  the  length  of  the  tail,  which  amount  to 
233060  German  miles.  But  if  the  air  proceeded 
with  fo  aflonifhing  a  degree  of  velocity  from  the 
atmofphere  of  the  comet ;  it  is  to  be  wondered,  that 
the  comet  was  not  in  a  fhort  time  flript  of  all  its  air. 
Imagine  at^  b,  fig.  5.  plate  xi.  at  the  place,  about 
which  one  may  reckon  the  beginning  of  the  tail,  a 
fedion  of  the  expanded  atmofphere,  fo  that  the 
plane  of  this  fedion  {lands  perpendicular  on  the  line 
f  c  S,  that  paffes  through  the  comet  to  the  fun,  and 
is  bounded  round  like  a  circle,having  for  its  diameter 
the  line  g  h.  We  may  very  well  reckon  the  length 
of  this  line,  on  accountofthe  expanfion  of  the  atmo¬ 
fphere,  which  in  itfelf  is  above  17000  German  miles 
denfe,  at  20000  miles.  And  thus  the  plane  of  the 
fedion  will  contain  314000000  fqu are  miles.  Now 
fuppofing  the  velocity  of  theiffuing  air  fo  great,  as  in 
a  day  to  make  100000  miles  •,  in  a  clay  a  cylinder 
of  air  would  pafs  through  the  plane  of  the  fedion, 
whofe  bafe  is  the  plane  of  the  fedion  itfelf,  but  the 
height  100000  miles,  and  confequently  its  folid  con¬ 
tents  amounting  to  31 '40000000000©  cubick  miles. 

%  But 
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But  the  whole  atmofphere  of  the  comet  contained 
not  fo  many  cubick  miles.  How  then  could  it 
confifb,  that  in  all  the  time  of  its  vi Ability  no  ofa- 
fervable  decreafe  was  perceived  in  it  ?  The  air  clofe 
at  the  body  is  very  denfe,  and  perhaps,  on  account 
of  the  high  atmofphere,  charged  with  many  va¬ 
pours*  denfer  than  the  air  on  the  earth’s  furface. 

This  denfe  air  decreafes  with  the  height*  and  at 
length  comes  to  be  equal  to  the  aether  in  rarity.  Al- 
fo  no  other  air  can  ififue  out  of  the  atmofphere  of  a 
comet  but  that,  which  already  has  been  as  rare  as 
the  aether.  For,  a  denfer  cannot  unite  with  the 
^ther.  Suppofing,  the  whole  fpace  from  the  fun 
quite  to  Saturn  were  empty.  If  a  cubick  inch 
of  air,  as  denfe  as  the  air  at  the  furface  of  our  earth, 
was  fuffered  to  expand  through  it  ^  yet  this  expanded 
air,  according  to  Newton’’ s  demonftration,  lib,  3. 
prop.  41.  would  retain  a  degree  of  denfity,  which 
Hill  obtains  in  the  atmofphere  of  the  earth  at  a 
height  of  860  German  miles,  reckoning  irorn  the 
furface.  This  denfity  is  far  greater  than  that  of  the 
^ther,  or  of  the  air  ifiuing  out  of  the  atmofphere  of 
the  comet :  for,  its  height  amounts  to  above  8000 
miles*  From  this  it  is  evident,  that  the  aftonißiing 
quantity  of  air,  by  which  the  atmofphere  of  the 
comet  daily  decreafed,  would  amount  to  a  fmsll 
part  of  a  cubick  inch,  if  again  brought  together 
fo  clofe  or  comprefifed,  as  to  become  as  denfe,  as 
the  air  at  the  furface  of  the  earth.  And  fo  no  altera¬ 
tion  in  the  atmofphere  of  the  comet  could  have  been 

A  a  2  obfervabk* 
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obfervable,  had  even  its  denfe  air  near  the  body  of 
the  comet,  all  the  time  the  comet  was  in  the  neigh¬ 
bourhood  of  the  fun,  decreafed  about  ioo,  or  even 
iooo  cubick  inches. 

From  this  one  may  form  a  notion,  how  the  tail 
of  a  comet  may  be  fo  tender  or  fubtle  as  even  to 
tranfmit  the  light  of  the  fmalleft  fixt  ftar.  Imagine 
a  cubick  inch,  filled  with  vapours,  fo  near  together, 
as  the  particles  of  the  air  at  the  earth’s  furface  *,  and 
let  thefe  vapours  expand  or  diffufe  themfelves 
through  many  millions  of  cubick  miles ;  it  will 
be  eafy  to  conceive,  how  afterwards  thefe  vapours 
mud:  part  afunder  fo  wide,  as  to  tranfmit  the  light 
of  the  fmalleft  fixt  flar  without  any  remarkable  lofs 
or  diminution. 

As  the  tail  of  a  comet  mounts  out  of  its  atmo- 
fphere  by  the  heat  of  the  diredlly  oppofite  fun  ;  it 
fhould  continue  its  courfe  in  the  line,  which  may  be 
drawn  through  the  comet  and  the  fun.  But  it  deviates 
from  this  line,  and  forms  with  it  an  oblique  angle. 
And  thus  we  fay,  it  mounts  up  obliquely.  The 
reafon  is ;  the  vapours,  arifen  out  of  the  atmofphere, 
are  to  be  confidered  as  a  peculiar  body,  and  diffe¬ 
rent  from  the  comet.  But  thefe  vapours  retain  the 
centripetal  and  centrifugal  forces,  which,  in  the 
union  with  the  atmofphere,  as  part  of  the  comet, 
they  had  had  with  it.  For,  by  the  afcent  they  lofe 
not  thefe  forces.  And  thus  if,  for  inftance,  the  comet 
moves  from  D  to  H,  fig.  2.  plate  xn.  the  vapours, 
arifen  out  of  its  atmofphere  from  D  to  L,  are  by 

their 
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their  centrifugal  and  centripetal  forces,  juft  as  the 
comet,  impelled  in  a  curve.  But  now  the  central 
forces  of  the  vapours,  arifen  from  the  comet  in  D 
to  L,  are  not  greater  than  the  forces  of  the  comet, 
if  therefore  the  comet  comes  out  of  D  to  H;  the 
vapours,  which  have  arifen  from  D  to  L,  and  are  a 
different  body  from  the  comet,  and  in  their  paffage 
have  accompanied  the  comet,  cannot  be  in  O,  as  in 
the  place,  from  which  through  the  comet  and  fun 
a  right  line  may  be  drawn.  For,  had  they  reached 
the  place  O,  they  had  accomplifhed  a  greater  way, 
and  had  thus  ran  fafter  than  the  comet.  But  is  this 
poffible,  as  they  exceed  him  not  in  the  intenfenefs  of 
the  central  forces  ?  The  like,  in  proportion,  muft 
happen  to  the  other  vapours,  which,  before  the  co¬ 
met  came  to  D,  and  after  it  had  quitted  the  place 
D,  had  arifen  out  of  its  atmofphere.  And  hence 
the  tail,  inflead  of  having,  at  the  prefence  of  the 
comet  in  H,  the  right  pofition  H  O,  muft  extend 
itfelf  in  the  oblique  one  H  Q,  as  forming  an  ob¬ 
lique  angle  with  the  right  line  H  O. 

The  vapours,  which  after  the  time,  that  the  co¬ 
rnet  continues  its  courfe  to  H,  are  continually  arif- 
ing  out  of  its  atmofphere,  are  quicker  in  the  rifing 
or  afcent,  than  the  vapour  arifen  out  of  the  place 
D  ;  as  the  comet  in  its  way  from  D  to  H  ap¬ 
proaches  ever  nearer  the  fun.  Thefe  vapours,  there¬ 
fore,  in  all  this  time  afcended,  to  the  time  that  the 
comet  comes  to  H,  are  nearer  the  line  H  O,  than 
the  vapour,  which  arofe  out  of  the  comet,  when 

A  a  3  iß 
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in  D.  And  hereby  a  tail,  divided  into  fundry 
branches,  muft  come  to  view.  And  this  will  be 
moil;  obfervable,  when  the  comet  hands  neared  the 
fun. 

And  whereas  the  tail  of  a  comet  fhould  in- 
creafe  in  its  great  approach  to  the  fun  in  appa¬ 
rent  length,  it  is  wont  to  decreafe  thereon.  And  fa 
in  1744  from  February  4  to  February  8,  the  tail  of 
the  comet  was  become  fhorter  about  2000000 
miles.  On  February  8  it  dill  amounted  to  of  the 
middle  didance  of  the  fun  from  the  earth ;  about 
February  20,  to  only  And  confequently  its 
length  had  decreafed  about  three  millions  of  miles. 
This  apparent  decurtation  or  fhortening  arifes  hence, 
that  the  vapours  are  the  more  drongly  diffufed  by 
the  refidance  of  the  aether,  the  quicker  they  arife 
out  the  comet’s  atmofphere  by  means  of  its  eladi- 
city,  heightened  by  the  fun’s  heat.  For,  the  quicker, 
and  confequently  the  dronger  a  body  impinges 
again d  an  obdacle,  the  more  drongly  it  reacts  (§.8). 
If  therefore  the  impinging  matter  didipates  itfelf  y 
it  will  be  the  more  quickly  didufed,  the  quicker  its 
motion.  And  thus  though  the  vapours,  which, 
rife  out  of  the  atmofphere  of  a  comet  that  is  very 
near  the  furs,  into  the  region  or  quarter  of  the  tail, 
may  reach  juft  as  great  as,  and  dill  a  much  greater 
height,  than  the  vapours  reached,  when  the  comet 
was  more  didant  from  the  fun  ;  yet  on  that  account 
they  cannot  be  vidble  at  this  height,  as  they  dand 
too  didant  afunder.  The  great  difdpation  fets  nar¬ 
rower 
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rower  or  fhorter  bounds  only  to  their  vifibility,  but 
not  to  their  afcent.  The  diflipation  of  the  vapours 
Is  peculiarly  promoted  by  the  motion,  with  which 
they  feek  to  accompany  the  comet  in  its  path, 
which  was  defcribed  in  the  foregoing  remark.  For, 
this  motion  turns  ever  quicker,  the  more  the  comet 
approaches  to  the  fun.  But  the  more  this  velocity 
increafes,  with  the  ffronger  refinance  the  vapours 
are  diffipated  by  the  aether,  through  which  they  are 
to  take  their  way.  And  fince  the  vapours  accom¬ 
pany  the  comet  in  its  motion  ;  the  vapours,  fuc- 
ceeding  each  other,  form  a  curved  row.  This  cur- 
vity  increafes  with  the  approach  of  the  comet  to  the 
fun  ;  and  the  tail  is  parted  into  certain  branches,  or 
fingle  tails.  And  thus  the  following  procure  not  that 
denfity  to  the  foregoing  which  they  otherwife  give 
them,  when  following  them  almoft  in  a  right  line. 

§.  637.  Comets  are  retained  in  their  elliptick  or¬ 
bits  round  the  fun  by  their  gravity  towards  him. 
For,  gravity  is  the  very  fame  with  the  vis  centripeta 
§,  17.  91).  But  where  this  is  wanting,  there  can  no 
motion  arife  about  a  point  or  centre  (§.  100).  But 
as  the  gravity  of  a  comet,  at  its  uncommonly  great 
diftance,  is  uncommonly  weak ;  the  queftion  is, 
whether  fo  fmall  a  degree  of  gravity  be  capable  fo 
to  bend  the  courfe  of  the  comet  at  the  greater  dif- 
tance,  as  that  the  comet  may  again  come  back  to 
the  fun  ?  The  more  a  comet  removes  from  the 
fun,  the  flower  its  motion.  And  therefore  alfo  by 
a  fm aller  degree  of  gravity  it  may  be  drawn  away 
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from  the  line,  along  which,  by  virtue  of  its  centri-  * 
fugal  force,  it  leeks  to  remove  from  the  fun.  The 
curvity  ot  the  path  arifes,  when  this  line  forms  an 
angle  with  the  line,  along  which  it  is  impelled  by 
the  gravity  towards  the  fun.  The  greater  this  an¬ 
gle,  the  greater  the  curvity.  And  hence  it  is 
greatefc,  when,  tor  inftanee,  in  the  neighbourhood 
of  the  fun,  the  lines,  along  which  both  central 
forces  ad,  form  a  right  angle.  If  now  a  comet 
goes  off  from  the  fun  ;  at  Hrft  the  angle,  contained 
between  the  faid  lines,  is  very  fmail.  So  that  there 
arifes  a  very  fmail  curvity,  But  as  the  gravity  pro¬ 
ceeds  in  its  adion  towards  the  fun,  the  comet  will 
be  every  moment  drawn  fo  me  what  from  the  line,  in 
which  the  centrifugal  force  ads.  So  that  the  angle 
of  both  lines,  and  cqnfequently  the  curvity,  turns 
gradually  greater ;  as  this  may  be  explained  from 
the  dodrine  of  compound  motions. 

§.  638.  In  order  to  diftinguifh  again  a  comet  in 
its  return,  we  mud  firft  make  out  by  calculation,  in 
what  places  it  would  be  feen  from  the  fun  •,  and  fe- 
condly,  review  in  the  calculations,  made  in  this 
manner,  of  comets  formerly  obferved,  whether 
they  would  have  appeared  in  thole  very  places,  when 
feen  from  the  fun.  We  confider  the  fun  in  this 
cafe  as  an  immoveable  point.  So  often  therefore  as 
a  comet  occupies  one  and  the  fame  place  in  its  true 
and  elliptick  orbit,  it  muft  appear  from  the  fun  un¬ 
der  one  and  the  fame  conflellations.  And  confe- 
cjuently  from  the  laid  we  may  conclude  to  the  firft, 
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and  thereby  know,  whether  a  comet  now  appearing 
had  been  feen  before.  The  places,  from  whofe 
coincidence  this  appears,  are  principally  the  peri¬ 
helia^  and  the  points  in  which  the  ecliptick  is  inter¬ 
fered  by  the  path  of  the  comets.  If  in  two  comets, 
fuppofed  to  be  obferved  from  the  fun,  we  could  dif- 
tinguifh,  that  they  interfered  the  ecliptick  in  one 
and  the  fame  place,  and  had  an  equal  degree  of  in¬ 
clination,  and  that  in  their  perihelia  they  were  equally 
diftant  from  the  fun,  and  that  both  perihelia  flood  in 
one  and  the  fame  place  of  the  heavens ;  we  might 
with  certainty  conclude,  that  thefe  comets  differed 
not  from  each  other.  From  the  places,  in  which 
comets  are  obferved  from  the  earth,  it  cannot  with 
certainty  be  known,  whether  and  when  a  comet  ap¬ 
pearing  had  formerly  taken  its  courfe  round  the  fum 
For,  a  comet,  formerly  feen  may  in  its  reappearance 
be  taken  for  another,  when  obferved  on  the  earth. 

For  inftance,  o n  January  19,  1744,  the  comet  was 
in  its  real  path  in  E,  fig.  1.  plate  xii.  And  at  that 
time  the  earth  had  its  place  in  its  orbit  in  e.  And 
from  e  the  comet  was  feen  in  longitude  in  the  y°  of 
Aries.  Now  fuppofing,  that  at  the  time,  that  the 
comet  in  its  return  occupied  again  the  place  E,  the 
earth  were  in  a  \  the  comet  would  be  obferved  in  a 
quite  different  place  in  the  zodiack.  So  that  for  the 
whole  time  of  its  vifibility,  it  would  appear  to  take 
a  quite  different  way,  from  what  was  obferved  in 
ly 44.  Two  comets,  that  appear  in  different 
places,  may  on  the  earth  be  confidered  as  one.  For 
inftance,  let  an  elliptick  orbit  be  carried  round 

the 
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the  fun,  which  paffes  through  the  right  line  between 
the  points  e  and  E.  Now  if  a  comet  comes,  to 
which  this  path  is  proper,  at  the  time,  that  the  earth 
is  in  £,  to  a  point,  where  thefe  lines  are  interfered 
by  the  faid  path  ;  it  would  be  feen  on  the  earth 
along  the  line  e  E  in  the  y°  of  Aries  y  So  that  it 
would  appear  to  be  that  very  comet,  which  was  vi- 
fible  in  1744. 

Mr.  profeffor  Euler ,  in  his  Theoria  motuum  plane- 
tarum  &  comet  arum ,  fhews  a  method,  how  to  de¬ 
termine  the  paths  of  the  planets  and  comets  from  a 
number  of  obfervations,  and  explains  it  by  a  calcu¬ 
lation  of  the  true  motions  of  the  comets  of  168a 
and  1744.  The  time,  in  which  the  firft  accom¬ 
plices  its  path,  or  in  which  it  returns  to  its  perihe- 
lium ,  amounts  to  170  years.  The  path  of  the  laft  differ¬ 
ed  little  from  a  parabola.  The  time  of  its  revolution 
may  thus  amount  to  lome  centuries.  Halley ,  by  a  cal¬ 
culation  from  the  obfervations  extant  has  determined 
the  paths  of  many  comets,  that  had  been  obferved 
for  feveral  centuries  back.  But  there  is  none  among 
them  all,  whofe  path  agreed  with  the  paths  of  the 
comets  of  1680  and  1744.  From  this  however,  no 
objection  can  be  drawn  againft  Euler* s  calculation. 
For,  as  at  the  time,  in  which  a  comet  is  in  the  neigh¬ 
bourhood  of  the  fup,  the  earth  may  have  fuch  a  po¬ 
ut  ion  in  her  orbit,  as  that  there  the  comet  muff 
remain  invifible  to  the  eyes  of  men  $  and  fo  both  the 
faid  comets  may  be  of  the  number  of  thofe,  which 
for  all  the  time,  of  which  we  have  obfervations  of 
comets  accurately  made,  and  tranfmitted  by  wri- 
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ting,  had  not  been  feen.  And  if  the  comet  of  1680 
finifhes  his  period  in  170,  it  will  in  1850  come  again 
in  vicinity  to  the  fun.  But  fhould  it  then  reappear 
to  Europeans ,  the  earth,  as  well  in  refped  to  the 
comet,  as  alfo  to  the  conftellations,  under  which  it 
was  feen  in  1680,  muft  again  have  that  pofition, 
which  flie  had  at  the  time  of  its  former  viability. 
So  that  it  is  to  be  made  out  by  calculation,  whether 
in  1850,  or  the  year  following,  the  earth  might 
have  this  pofition. 

§.  639.  The  comets  that  move  round  the  fun, 
are  parts  of  the  folar  and  planetary  fyftem  ;  and 
confequently  alfo  gravitate  towards  the  planets. 
And  thus  planets  and  comets,  that  have  their  re¬ 
volution  round  the  fun,  ad  reciprocally  on  each 
other.  This  adion  is  clear  from  thofe  very  grounds, 
from  which  (§.  624.)  the  adions  of  the  planets  on 
each  other  were  made  out.  The  nearer  that  two 
bodies,  which  by  gravity  ad  reciprocally  on  each 
other,  mutually  approach,  the  more  intenfely  they 
ad  on  each  other.  Should  therefore  a  comet  come 
very  near  the  earth  *,  it  might  well  happen,  that  the 
plane  of  its  orbit  would  be  in  fome  meafure  chang¬ 
ed.  In  particular  this  change  muft  be  confiderable, 
when  the  comet  is  not  only  very  near  the  earth,  but 
has  alfo  a  great  degree  of  latitude  (§.558).  For, 
the  greater  that  is,  the  lefs  can  the  fun,  by  its  gra¬ 
vity  or  attradive  force,  ad  on  the  comet,  and  con¬ 
fequently  the  lefs  weaken  its  adion  on  the  earth. 

» 

The  adion  on  the  earth  may  be  perceivable  in  two 
ways ;  either  in  the  obliquity  of  the  ecliptick,  or  in 
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the  motion  of  the  equinoctial  points.  Mr.  profeflbr 
Euler ,  in  his  Theoria  motuum  planet  arum  &  comet  a- 

rum ,  p.  99.  fpeaks  of  both  thefe  changes,  as  fol- 

* 

•lows.  If  a  comet  very  near  the  earth  fhould  have 
a  north  latitude,  and  the  fun  (land  in  Ariesy  the  obli¬ 
quity  of  the  ecliptick  would  be  increafed.  But  if 
in  Libra  ;  the  obliquity  of  the  ecliptick  would  be  di- 
minifhed.  If  the  fun  ikould  be  in  Cancer  \  the  equi- 
nodiai  points  would  be  moved  forwards.  Whereas 
if  he  flood  in  Capricorn  \  they  would  be  pufhed 
backwards.  But  if  the  comet  has  a  fouth  latitude  ; 
thefe  changes  come  to  be  the  reverfe.  And  here¬ 
by  the  receflion  of  the  equinodial  points,  which  is 
caufed  by  the  addons  of  the  fun  and  moon(§.  622.), 
muff  thus  undergo  a  great  change.  The  obliquity 
of  the  ecliptick  has  been  considerably  diminifhed 
from  the  mod  early  times.  M.  Euler  thence  makes 
the  conclufion,  that  many  comets,  either  with  a 
north  latitude,  when  the  fun  had  its  place  in  the 
northern  figns ;  or  with  a  fouth  latitude,  when  the 
fun  was  in  the  fouthern  figns,  might  have  approach¬ 
ed  to  the  earth,  and  have  caufed  thefaid  diminution. 
As  the  comet  of  1744,  fig.  1.  plate  xii.  was  in  the 
defeending  node,  his  heliocentrick  longitude,  or 
that  obferved  from  the  fun,  was  in  the  ]  50  of  Scorpio  y 

* 

and  Mercury  in  the  2 6°  of  the  fame.  So  that  both 
thefe  bodies  were  very  near  each  other.  M.  Euler 
therefore  p.  135  accounts  it  worth  the  while  to  en¬ 
quire,  whether  Mercury ,  in  his  motion,  flill  agrees 
or  no,  with  the  aflronomical  tables ;  and  thus  has 
undergone  a  change  in  his  orbit.  In  particular,  to 

him 
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him  the  laft  appears  poffible,  when  the  apparent 
diameter  of  the  comet  at  the  time,  that  its  diftance 
from  us  was  equal  to  the  diftance  of  the  fun, 
amounted  to  i  ,  and  thus  its  body  exceeded  the 
earth  in  magnitude  above  three  times. 

As  a  comet,  by  its  attradlive  force,  may  difturb  a 
planet  in  its  orbit,  fo  a  planet,  by  its  re-adtion,  may 
caufe  a  like  change  in  that  of  a  comet ;  efpecially  if 
the  planet  be  bigger  than  the  approaching  comet. 

Should  a  planet  be  touched  by  a  tail  of  a  comet, 
or  plunge  into  its  fluid  matter,  therefrom  a  change 
would  enfue  in  its  atmofphere,  juft  as  well  as  from 
the  vapours  of  the  folar  atmofphere  (§.  627).  And 
though  the  vapours  of  a  comet’s  tail  are  uncom¬ 
monly  rare,  yet  we  are  not  to  leave  their  great  ve¬ 
locity  unregarded  (§.  636).  For  the  greater  the  ve« 
locity,  the  more  intenfe  the  adlion  of  a  moving  and 
impinging  matter  (§.  37).  For  all  the  time,  that 
in  1743  and  1744  the  comet  was  vifible  in  Europe , 
the  mercury  flood  uncommonly  high  in  the  baro¬ 
meter  at  Peterßurg.  Mr.  profeflor  Heinfms ,  in  his 
defcription  of  this  comet,  p.  21.  fet  down  the  heights 
of  the  barometer  in  a  table.  Should,  fays  he  on 
this  occafion,  this  phenomenon  happen  to  have 
been  obferved  in  like  manner  at  other  places,  and 
been  univerfal  ;  it  would  be  abfokitely  a  remark¬ 
able  circumflance  *,  as  whether  from  it  no  connec¬ 
tion  with  a  comet  might  be  fecn.  Should,  in  his 
opinion,  on  a  future  appearance  of  a  comet,  the 
very  fame  thing  be  obferved  in  the  heights  of  the 
quickfilver  in  the  barometer,  thefe  uncommon  cir- 
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cumftances  would  yield  no  fmall  fign,  that  the  ter- 
reftrial  atmofphere  underwent  a  change  by  the  mat^ 
ter  of  a  comet ;  efpecially*  if  the  vifible  tail  mixed 
itfelf  therewith. 

CHAP.  VIII. 

Of  the  Adtion  of  the  iEther  on  the  Planets 

in  their  Motions. 

§.  640.  A  S  the  aether  is  a  fluid  matter*  in  which 
ii  the  planets  float :  we  are  to  enquire* 
whether  they  are  not  in  fome  meafure  reftrained  by 
it  in  their  motions  round  the  fun  ?  If  the  ^ther 
moves  at  the  fame  time  with  them  and  with  equal 
velocity  round  the  fun*  it  gives  them  no  manner  of 
refiftance.  But  the  ^ther  has  no  fuch  quick  mo¬ 
tion.  For*  if  it  moved  equally  quick  with  them*  it 
would  hurry  along  with  it  the  tail  of  a  comet* 
and  thus  quite  turn  it  off  from  the  way*  in  which 
it  mounts  off  from  the  fun.  But  this  in  no  wife 
happens.  And  thus  we  have  ground  to  maintain* 
that  the  planers  from  time  to  time  meet  with  fome 
degree  of  refiflance  in  the  aether*  in  continuing  their 
courfe  through  it.  But  how  great  that  refiflance* 
cannot  be  determined  with  certainty  :  as  we  know 
not  fufficiently,  what  ratio  the  denfity  of  the  asther 
may  have  to  the  denfity  of  our  atmofphere. 

Mr.  profeflfor  Euler ,  in  his  Neva  theoria  lucis  & 
colorum ,  §.  36,  44 — 50.  compares  the  velocity  of 
light,  propagated  through  the  sther,  with  the  ve¬ 
locity  of  found,  propagated  through  the  earth’s  at¬ 
mofphere  1 
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mofphere ;  and  thence  fhews,  that  the  aether  is 
400  000000  times  rarer  than  the  earth’s  atmofphere. 
In  his  difiertation  De  relaxations  motus  planet arum , 
§.  5,  6.  he  enquires  what  quantity  of  fpace  the  earth 
in  this  fo  rare  an  aether  may  have  to  run  over,  till  it 
have  loft  T~3  particle  of  its  velocity.  Änd  this 
fpace  would  be  to  the  femidiameter  of  the  earth  al- 
moft  as  100000000000  to  1. 

§.  641.  If  the  velocity  of  the  planets  is  diminifh* 
ed  by  the  refiftance  of  the  aether,  they  come  nearer 
to  the  fun  by  their  centripetal  force  or  gravity. 
For,  by  fo  much  as  their  velocity  diminifhcs,  and 
confequently  their  centrifugal  force  is  weakened,  by 
fo  much  ftronger  is  the  gravity,  as  which  in  this 
cafe  undergoes  no  diminution.  But  fo  the  gravity 
a 6t  ftronger  ^  the  motion  in  the  now  narrower  way 
will  be  quicker,  and  thus  the  revolution  round  the 
fun  finifhed  in  a  fhorter  time.  A  planet,  in  its 
greater  diftance  from  the  fun  is  reftrained  by  the  re» 
fiftance  of  the  tether,  fo  as  not  to  be  able  to  ftnifti  in 
an  equal  time  again  its  greater  way,  which  it  had 
before  finifhed  in  a  certain  time.  But  this  very 
thing  alfo  befals  it  in  the  now  lefs  diftance  from  the 
fun  ;  as  in  the  fhorter  way  the  tether  in  like  man¬ 
ner  withftands  it.  And  confequently  by  its  gravity 
it  will  be  again  brought  nearer  the  fun.  And  thus, 
as  well  its  diftance  from  the  fun,  as  alfo  its  periodi¬ 
cal  time,  or  the  time,  in  which  it  once  accomplifhes 
its  way  round  the  fun,  conftantly  diminifties.  And 
therefore  fhould  the  conftantly  decreafing  vis  cen- 

trifuga  of  the  planets  be  again  not  redrefled ;  they 

muft 


0.3 


Of  the  System  of  the  World.' 

mull:  at  length  pitch  on  the  fun’s  furface.  In  this 
manner  the  planetary  fyftem  would  ceafe  to  be,  and 
the  body  of  the  fun  be  increafed  with  new  matter, 
and  thereby  changed  and  enlarged. 

The  Julian  year  contains  365  days  and  fix  hours. 
The  tropical  year,  or  the  time  which  paffes  from 
one  equinox,  or  folftice,  to  the  fame  again,  is  at  this 
day  eftimated  at  365  days,  five  hours,  48'  55  .  It 
is  not  known,  that  the  aftronomers  of  the  earlieft 
ages  had  remarked  this  difference,  whereby  the  tro- 
pical  year  is  lefs  than  the  Julian .  From  this  it  is 
to  be  conjectured,  that  at  that  time  the  length  of  the 
tropical  year  came  nearer  to  the  length  of  the  Julian 
than  now  it  does.  In  the  immediately  preceding 
centuries  the  duration  of  the  tropical  year  was 
deemed  greater  than  365  days  five  hours  49'.  Mr. 
profeffor  Euler  from  thence  concludes  §.  23.  de  re * 
lamtione  motus  planet  arum ,  that  perhaps  one  would 
not  greatly  fall  fhort  of  the  truth  did  he  fuppofe, 
the  periodical  time  of  the  earth  to  have  diminifhed 
each  century  about  five  feconds. 

And  then  §.  24.  he  enquires,  how  far  with  this 
fuppofed  decreafe  of  the  periodical  time  of  the  earth 
in  a  century  the  above  adduced  conjecture  is  confi¬ 
dent,  according  to  which,  the  fpace,  in  which  the 
revolving  earth  muff  lofe  —5  particle  of  its  velo¬ 
city,  ih ou Id  be  to  the  earth’s  femidiameter,  as 
iocoooooooooto  i.  As  theperodicaltimeof  theearth 
in  a  thoufand  years  is  about  50’  fhorter  *,  Mr.  Eukr 
reckons  for  the  decreafe  of  the  periodical  time  in  a 
thoufand  years,  in  the  cafe  of  Saturn ,  33";  of  Ju - 

pit  er ) 
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pit  er  9  157;  of  Mars y  62' of  Venus ,  25";  and  of 
Mercuryy  33".  The  excentricity  (§.  609.)  in  like 
manner  decreafes.  But  M.  Euler  fets  this  decreafe 
in  2720  centuries  only  at  a  fingle  fecond.  As  the 
paths  of  the  comets  are  very  excentrical ,  he  holds 
§.  26.  that  their  periodical  times  in  each  revolution 
might  be  confiderably  fhortened  ;  and  thence  he  is 
of  opinion,  that  it  is  no  wonder,  that  the  comet, 
which  appeared  in  1682  returned  at  firfl  after  76, 
but  after  that  in  75  years  to  its  perihelion.  For,  it  is 
held  for  that  comet,  which  was  obferved  in  1531 
and  1607. 

CHAP,  IX, 

What  the  ./Ether  may  contribute  to  the  firm* 

nefs  of  Bodies. 

§.  6 42.  A  Copper  wire,  tl.  of  a  Rbinland  inch  in 
Jl  JL  thicknefs,  is  fo  firm,  as  that  2991b. 
mult  be  hung  at  it,  in  order  to  fnap  it  in  funder 
(§*  57)*  The  bare  preffure  of  the  air  againfl  the 
furface  of  this  wire  is  not  much  greater  than  the 
preffure  of  22.  ounces  weight.  So  that,  befides 
the  air,  there  muff  be  a  matter,  that  preffes  far 
,  more  intenfely  againfl  bodies,  and  thereby  caufes 
their  firmnefs,  than  the  atmofphere  does. 

The  calculating  the  preffure  of  2  5  ounces  of  air 
againfl  a  circular  furface,  whole  diameter  is  r~ 
of  a  Rbinland  inch,  depends  on  the  following 
particulars.  Againfl  a  circular  furface,  whole 
diameter  is  a  Paris  foot,  the  air  prefies  with 

a  force  of  1703  2  lb.  or  3407  half  pounds.  The 
Vol.  II.  B  b  Paris 
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Paris  foot  is  to  the  Rhinland ,  as  1440  to  1391^. 
The  preflu  re  of  the  air  againft  a  greater  circular  fur- 
face  is  to  the  preflu  re  againft  a  lefs,  as  the  l'quare  of 
the  diameter  of  the  greater  circle  to  the  fquare  of 
the  diameter  of  the  lefs  (§.  120).  And  thus  14402  : 
139T::  3407:  3179-  And  if  3179  half  pounds 
are  reduced  to  whole  pounds,  and  thefe  multiplied 
by  32  loths  or  half  ounces ;  the  preflure  of  the  air 
againft  a  circular  furface,  whofe  diameter  is  a  Rhin - 
land  toot,  is  equal  to  50864  loths  or  half  ounces. 
A  foot  is  =  1 00  lines.  So  that  the  preflure  of  the  air 
againft  a  circular  furface,  whofe  diameter  is  * 
particle  of  a  Rhinland  foot,  that  is,  Tu  of  an  inch,  is 
not  much  greater  than  the  preflure  of  a  5  loth 
or  ounces  weight.  For,  1002  :  T  :  :  50864  : 

864. 

5  To^cf 

§.  643.  From  the  explication  of  the  propagated 
motion  of  light,  it  is  evident,  that  it  is  elaftick 
(§.210,  21 1 ).  Could  we  therefore  prove,  that, 
befldes  the  air,  light  or  aether  is  the  alone  moft 
fubtle  matter,  that  adted  with  a  certain  degree  of 
elafticity  ;  we  might  confider  the  aether  as  the 
ftrongeft  caufe  of  firmnefs  \  and  maintain,  that  its 
elafticity,  to  the  elafticity  of  the  air,  was  as  1912 
to  1.  For,  the  caufes  of  the  firmnefs  acl  againft 
the  furface  of  a  copper  wire,  in  diameter  Tl5  of  a 
Rhinland  inch,  with  a  preflure  of  299  pounds,  or 
9568  loths.  The  preflure  of  the  air,  as  the  weakeft 
caufe  of  firmnefs,  is  equal  to  five  loths.  And  thus 
there  remain,  for  the  preflure  of  the  ftrongeft  caufe, 
9563  loths.  But  9563  is  to  5,  as  1912  is  to  1. 

>  C  FI  A  P. 


Of  the  System  of  the  World. 
CHAP.  X. 

Whether  the  Motions  of  the  Sun  and  Planets 
about  their  Axis  may  be  explained  from 
their  mutual  Gravity  towards  each  other  ? 

§.  644.  SUPPOSE  the  fun  to  be  in  T,  fig.  4. 

plate  x.  and  a  planet  in  L  in  fuch  a 
manner,  as  that  the  line  L  T  paffes  through  the 
centres  of  the  planet  and  fun.  Let  L  C  reprefent 
the  arch,  which  the  planet,  by  its  central  forces, 
may  defcribe  in  an  inftant  •,  C  the  point,  in  which, 
at  the  end  of  this  inftant,  its  centre  would  be,  fo  it 
defcribed  the  faid  arch.  Now  did  the  planet  at  this 
inftant  lofe  its  centripetal  force  ;  its  centre  would 
reach  therein  to  B  (§.  617).  In  this  point  B  its 
centre  would  be  more  diftant  from  the  centre  of  the 
fun  T  than  the  end  of  its  diameter  towards  L.  But 
the  centre  of  the  planet,  in  the  inftant,  in  which 
by  the  centrifugal  force  alone  it  would  reach  the 
point  B,  comes  into  the  point  C,  which  is  in  the 
circumference.  The  reafon  whereof  is,  its  gravity 
towards  the  fun  (§.  617.)  Now  if  in  the  time,  in 
which  it  might  be  in  B,  it  comes  to  C  ^  it  is  juft  all 
one,  as  if  the  planet  had  acquired  a  degree  of  wind¬ 
ing  or  turning,  and  confequently  a  beginning  to¬ 
wards  motion  about  the  axis.  What  gravity  pro¬ 
duces  in  the  one  inftant,  that  it  effeds  in  all  the  fol¬ 
lowing  inftants.  And  thus  the  planet  will  be  gra¬ 
dually  turned  thereby  about  its  axis. 

§.  645.  The  fun  ads  by  its  gravity  towards  the 
planets.  Nov/  as  thefe  in  their  orbits  ever  occupy 

B  b  2  different 
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different  places  ;  fo  thus  the  fun  has  from  one  in- 
ftant  to  another  a  tendency,  to  approach  the  pla¬ 
nets  ever  towards  different  points  (§.  619,  620.) 
Next,  confider  we,  that  even  the  centrifugal  force, 
which  feeks  to  impel  the  planets  in  a  right  line,  acts 
in  like  manner  on  the  fun,  and  his  motion  about  the 
axis  or  centre  may  be  confidered  as  a  motion,  arifing 
From  two  confpiring  forces,  as  of  his  gravity  to¬ 
wards  the  planets,  and  of  the  vis  centrifuga  afiting 
thereon.  In  like  manner,  from  the  gravity  of  a 
planet  towards  its  fatellites,  and  from  the  gravity  of 
a  fatellite  towards  its  primary  planet,  their  motions 
about  their  axes  may  be  explained. 

That  two  eafily  moveable  balls  revolve  about 
their  axes,  when  aCting  on  each  other  by  a  fluid 
matter,  may  be  explained  by  eleCtricity.  If  of  two 
bodies,  both  of  them  fufpended  at  threads  and  eafily 
moveable,  one  be  eleCtrified  ;  they  move  towards 
each  other  (§.  251).  For,  the  electrical  matter  of 
that  electrified  is  by  the  electrification  difnpated  and 
diffufed  into  a  wider  fpace,  and  tends  to  hurry  along 
with  it  its  body  towards  the  uneleCtrified.  So  foon 
as  the  eleCtrical  matter  of  the  electrified  body  is  dif- 
fipated  and  rarefied  ;  the  eleCtrical  matter  of  the  un¬ 
eleCtrified  forces  into  the  rarefied  fpace,  which  is 
round  the  electrified  body.  For,  the  eleCtrical  mat¬ 
ter  of  the  uneleCtrified  is  not  only  elaftiek,  as  the 
eleCtrical  matter  of  the  eleCtrified  body,  but  alfo 
denfer.  Now  as  in  the  rarefied  fpace  round  the  elec¬ 
trified  body  it  meets  with  a  weak  degree  of  refi¬ 
nance,  it  will  be  thus  by  its  greater  elafticity  ex¬ 
panded 
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panded  and  diffipated.  So  that  in  like  manner  it 
alfo  tends  to  hurry  along  with  it  its  body  towards 
the  electrified.  And  thus  both  bodies  approach 

each  other,  as  two  bodies,  reciprocally  aCting 
againft  each  other  by  gravity.  Did  the  gravity  of 

the  fun  towards  a  planet, and  of  a  planet  towards  the 
fun,  arife  by  this  means ;  viz.  that  fun  and  planet 
were  filled  and  encompaffed  with  an  elaftick  mat¬ 
ter  ;  which,  in  the  manner  of  the  eleCtrical  matter 
aCted  from  the  fun  upon  the  planet,  and  from  the 
planet  upon  the  fun  ;  we  might  fhew  by  an  example, 
that  two  eafily  moveable  balls,  by  the  aCtion  of  their 
gravity  on  each  other,  moved  about  their  axes  The 
balls,  that  were  ufed  for  the  purpofe,  were  hollow, 
and  made  of  gypfum  or  plafter-ftone,  and  done 
over  externally  and  internally  with  paper.  In  the 
cavity  is  a  metal  crofs,  whofe  middle  has  a  coniform 
excavation,  in  which  the  balls  reft  on  pointed  metal 
pins.  One  point  a  h ,  fig.  3.  plate  xii.  gives  thro’ 
a  glafs  tube  c  d  refting  on  a  fmall  foot  e  /,  and  ce¬ 
mented  therein  with  fealing  wax.  On  the  glafs 
tube  above  a  narrow  plate  g  h  of  metal  is  fattened, 
and  at  i  a  metal  pin  i  k  lodged.  On  thefe  pointed 
pins  the  balls  k  and  /  reft,  and  ftand  fo  diftant  afun- 
der,  as  that  their  eleCtrical  matters  may  aCt  on  each* 
other.  Round  the  pin  ah  a  metal  chain  is  laid. 
So  foon  as  the  eleCtricity  is  given  to  this  chain ;  the 
bail  k  will  be  alfo  eleCtrified.  The  ball  k  retains 
the  communicated  eleCtricity  for  fome  time  ,  as  the 
pin,  on  which  it  refts,  lodges  in  a  glafs  tube.  And 
that  the  ball  /  may  not  acquire  and  retain  a  like 

eledricity 
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elcCtricity  from  the  near  ball  k ;  as  the  plate,  on 

which  its  pin  has  its  Hand,  is  faftened  on  the  glafs 

tube  c  d ;  there  is  at  i  a  metal  chain  laid,  which 
*  » 

reaches  quite  to  the  bottom  ot  the  foot.  Now  if  the 
ball  k  is  electrified,  both  it,  and  aifo  the  ball  /  come 
into  motion,  whereby  they  turn  about  their  axes  ; 
and  ceafe  not  turning,  fo  long  as  the  ball  k  is  ever 
acquiring  new  electricity.  The  rotation  of  thefe  balls 
arifes  by  this  means  j  viz.  that  the  eleCtrical  matter 
of  the  ball  k  goes  towards  the  ball  /,  and  the  electri¬ 
cal  matter  of  the  ball  /  towards  the  ball  k.  And  thus 
each  ball,  by  the  impulfe  of  the  expanding  eleCtri- 
cal  matter  of  either,  is  brought  into  motion  about 
its  axis.  By  fuch  like  motions,  to  the  knowledge 
of  which  I  attained  in  1 746,  by  a  variety  of  expe¬ 
riments  in  the  courfe  of  electrifying,  I  attempted 
in  1747  to  imitate  the  motion  of  the  fun  about  his 
axis  j  and  as  well  the  diurnal  motion  of  the  earth 
about  her  axis,  as  alfo  her  annual  motion  round  the 
fun,  and  I  explained  the  machine,  executed  for  the 
purpofe  in  1750,  in  a  Programme  de  imagine  motuum 
deleft  ium>  viribus  eleffiricis  ejfcia^  and  exhibited  it  on 
a  copper-plate. 

C  H  A  P.  XL 

Of  the  Connection  of  the  fixt  Stars  with  the 
Solar  and  Planetary  Syftem. 

§.  646.  f  I  7H  ETHER  the  fixt  liars  Hand  in 
V  V  connection  with  the  fun  and  his  pla¬ 
nets,  from  the  fixt  fiars  gravitating  towards  the 

fun 
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fun  and  his  planets,  and  the  fun  and  planets  towards 
the  fixe  ftars,  is  what  hitherto  can  neither  be  affirm¬ 
ed  nor  denied ;  as  no  phenomena  in  the  heavenly 
bodies  are  known  to  11s,  that  could  give  any  indi¬ 
cation  thereof.  And  alfo  did  the  gravity  of  the 
fixt  ftars  extend  to  the  planetary  fyftem,  and  the 
gravity  of  the  fun  and  planets  to  the  fixt  ftars  ;  yet 
it  would  be  uncommonly  fmall,  as  the  diftance  of 
the  fixt  ftars  is  uncommonly  great.  Suppofe  A  D, 
fig.  4.  plate  xii.  to  reprefent  the  femidiameter  of  the 
earth’s  orbit,  and  the  earth  to  be  therein  in  A,  and 
Sirius  in  R.  The  annual  parallax  is  fo  fmall,  as  that 
it  cannot  once  be  rated  at  two  feconds  of  the  circle« 
Suppofe  then  the  paralladtick  angle  A  R  D  (§.  61 1.) 
to  be  about  one  fecond :  therefore  AD  is  to 
A  R,  as  the  fine  of  a  fecond  is  to  the  fine  total *,  and 
confequently,  by  Pitifcus' s  canon,  as  48481  to 
10000000000,  that  is,  as  1  to  206262  nearly.  Now 
A  D,  the  diftance  of  the  earth  from  the  fun,  amounts 
to  22000  femidiameters  of  the  earth  (§.  612).  And 
thus,  by  the  rule  of  three,  A  R  is  4537764000 
femidiameters  of  the  earth.  So  diftant  would  Sirius 
be  from  the  earth.  Did  a  fpe&ator  in  Sirius  turn  his 
eye  to  our  folar  and  planetary  fyftem,  he  would  from 
there  fee  nothing  but  the  fun  under  the  form  of  a 
luminous  point ;  as  M.  Haupt >  formerly  profefibr 
of  mathematicks  in  the  ele&oral  fchool  at  Grimme , 
Ihews  in  his  Infiitutiones  Afironomite  fpheerieu’^  "Theo¬ 
rie  <£  SA  Comparative ,  §.616.  And  therefore  from 
our  obferving  no  planets  about  the  fixt  ftars,  we  are 
not  to  conclude  that  none  move  round  the  fixt  ftars., 

On 
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On  the  contrary,  with  Mr.  profeffor  Segner  in  his  in- k 
trodudlion  to  natural  philofophy,  §.  669,  from  the 
fixt  liars,  notwithftanding  their  great  dillance,  be¬ 
ing  dillinguifhable  on  the  earth,  we  may  conclude 
that  they  yield  not  to  the  fun  in  magnitude. 

§.  647.  But  how  long  or  diftant  foever  this  way 
is,  yet  they  adt  with  their  light  quite  to  the  earth, 
without  being  hindered  in  its  palfage  by  the  plane¬ 
tary  and  folar  light,  which  in  the  night  enlightens 
the  planets.  But  the  adtion  of  the  light  of  the  fixt 
liars  takes  up  a  far  longer  Ipace  of  time  in  its  courfe 
to  the  earth,  than  the  adtion  of  the  light  of  the 
fun.  For,  the  dillance  of  the  fun  from  the  earth 
is  to  the  dillance  of  the  fixt  liars  from  the  fame, 
as  i  to  200000  (§.  646).  Now  the  fun’s  light  takes 
eight  minutes,  in  coming  to  the  earth  from  the 
fun  (§.  207).  For  the  light  of  a  fixt  liar  therefore 
to  propagate  its  adtion  as  far  as  to  the  earth ; 
i '6000.00  minutes,  or  above  1 1 1 1  days  are  necef- 
fary.  Were  another  fixt  liar  ten  times  as  diltant 
from  the  earth;  16000000  minutes,  and  confe- 
qucndy  30  years  and  above  would  pafs,  before  the 
motion  of  the  light  from  this  fixt  liar,  or  its  image 
could  reach  our  eye.  Mr.  profefibr  Segner  fays  in 
the  place  quoted,  §.  668  ;  this  is  nearly  the  mag¬ 
nitude  of  that  part  of  the  world,  that  affects  our 
eyes.  And  perhaps  this  part,  in  regard  to  the 
whole,  is  fomething  very  inconfiderable.  And  thus 
the  Creator  how  great,  and  we  how  little  ! 
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Decreaf- 

5ib! 

53- 

127. 

86,  feq. 
180. 


A. 


Adnata,  what.  Page  105. 

Equator  celedial,  220.  Of  the  fun,  325. 

Equino&ial  points  go  back,  224.  Reafon  of,  303.  By  what 
means  they  move  forwards  and  backwards,  363,  feq, 

Equinoxes,  anticipation  or  preceffion  of,  224.  Caufes  of, 

303,  feq. 

-Ether  feems  to  have  no  quick  motion,  365.  Refids  the  motion 
of  the  planets,  ib.  How  intenfe  the  reiidance  of. 

Rarity  of,  ib.  Whether  a  caufe  of  drmnefs. 

Air,  why  extending  above  earth  and  water,  39,  feq. 

ing  deniity  of,  79.  By  what  its  eladidty  altered, 

Artery,  what,  87.  Great,  what, 

Anemometer, 

Angular  body,  when  appearing  round. 

Animal  bodies,  what,  83.  Species  of, 

Animalcula, 

Animals,  many  fexlefs  and  yet  generate,  163,  feq.  Manyfex- 

lefs  and  generate  not,  167,  feq.  Many  generate  without 
coition,  '  168,  feq. 

Animated  bodies,  what,  83.  Species  of,  ib. 

Anomaly,  eccentrick,  279. 

Anthers,  what,  205. 

Anvil  in  the  ear,  104. 

Aorta,  87. 

Aphelium,  what,  278. 

Apogseum,  278. 

Apparent  magnitudes  at  different  didances,  121,  feq. 

Apparent  motion,  what,  128.  Reafon  of,  130,  feq. 

Apiides,  line  of,  278. 

Aqueous  humour  in  the  eye,  106. 

Arachnoides,  what,  106. 

Arch,  when  appearing  as  aright  line,  126. 

Afellus  major,  animalcula  of,  181. 

Atmolphere  of  the  fun,  217.  Of  the  earth,  39.  Why  above 

the  water,  39,  feq.  Figure  of,  40.  Moves  with  the  earth 

about  the  axis,  ib.  How  its  denfity  decreafes  with  the  height, 
79,  83.  Caufes  of  its  heat  and  cold,  40,  feq.  Integral  heat 
Vom  II.  C  C  of. 


INDEX. 

of,  41.  Why  warmer  in  vallies  than  on  high  mountains,  23. 
Ebb  and  flood  of,  312.  Atmofphere  of  a  comet,  257. 
Whence  the  vapours  therein  arife,  346,  feq.  And  how  they 
rife  fo  high,  347,  feq.  Atmofphere  of  the  moon,  238,  feq. 
Barity  of,  242.  Atmofphere  of  the  fun  inclines  to  the 
ecliptick,  326.  Has  the  form  of  a  convex  lens  on  both 
fides,  323.  Fills  the  atmofphere  of  the  earth  with  vapours, 

312,  feq. 

Attra&ion  of  the  planets  and  fun,  296.  Of  the  planets  towards 


each  other. 

3°6 

Auricles,  what. 

87 

Aurora  borealis,  vid.  northernlight. 

9 

Aurum  fulminans,  from  what  made, 

68 

Axis,  motion  round,  arifes  from  gravity,  370. 

Imitation  there- 

of  by  eleClricity, 

372 

Axis  of  the  earth. 

9,  feq.  12 

Axis  of  the  world. 

220 

Axis  of  the  earth,  ratio  of,  to  its  diameter,  9,  feq.  Always 
parallel  to  itfelf  and  the  axis  of  the  world,  267.  Pafles 
thro’  different  ftars,  305,  feq. 

B. 


Barometer,  caufe  of  the  rife  and  fall,  47,  feq.  When  the 
quickfllver,  on  a  wind  riflng,  falls,  50,  feq.  Stood  uncom¬ 
monly  high  in  1743  and  1744  at  Peterßurg ,  at  the  time  of 
the  vifibility  of  the  comet,  365. 

Bees,  three  fpecies  of,  167,  feq. 

Blindaels,  fpecies  of,  109. 

Blood,  what,  87.  Veffels  of,  ib.  Circulation  of,  88.  Mat¬ 
ters  of,  88,  feq.  Formation  of,  89.  To  its  motion  refpi- 
ration  neceffary,  88. 

Bloffom,  no  fruitful  feed  arifes  without,  205.  Bloflom-duft 

impregnates  the  feed,  206 

Bodies,  when  appearing  as  points,  121,  feq. 

Body  of  a  comet,  257. 

Brain  different  from  the  common  fenfory,  139,  feq.  Motions 
of,  capable  of  putting  into  diforder  the  fenfible  imprefiions, 

142,  feq. 
C. 


Cabeliau,  vafl  number  of  animalcula  in  its  milt,  181,  feq. 
CataraCt,  what,  109. 

Celeflial  bodies,  what,  1.  Globe,  why  in  time  not  (hewing 
the  due  position  of  the  liars,  224.  Which  that  of  Caffmi  does, 

224,  feq. 

Centre,  common,  of  gravity,  of  the  fun  and  planets,  196. 
Centrifugal  force  in  impinging  water,  37.. 

C  entripetal  force  in  impinging  water,  ib, 

Clio- 
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Choroides,  what,  I06. 

Chyle,  what,  89. 

Circles  of  excurfion,  what,  246. 

Coats  of  the  eye,  105,  feq. 

Cochlea  in  the  ear,  c  105. 

Cornets,  what,  256.  Head  of,  257.  Have  no  light  of  them- 
felves,  nor  from  a  previous  acceniion,  343,  feq.  Have  their 
light  from  the  fun,  ib.  Are  heated  by  the  fun’s  rays,  341. 
Whether  on  aglow,  342.  Why  fhining  quite  full,  344,  feq. 
Gravitate  towards  the  fun,  363.  Towards  the  planets,  ib. 
By  gravity  retained  in  their  orbits,  359,  feq.  ACt  on  the 
planets,  363,  feq.  How  to  exhibit  the  orbits  of,  337,  feq. 
Apparent  wray  of  among  the  liars  how  determined,  333,  feq. 
How  only  apparent,  336,  feq.  Apparent  motion  of,  237, 
feq.  Some  appear  direCt,  feme  retrograde,  258.  Whence 
the  common  apparent  motion  arifes,  333.  To  dillinguifh  the 

369. 

*37- 

246. 

127. 
to  the  Ty- 
ib.  feq. 


16. 


return  of,  360,  feq.  Periods  of,  Ihortencd, 

Common  fenfory,  what, 

Conjunction  of  the  liars,  what, 

ContaCt,  what  things  appear  mutually  in, 

Copernican .  fyltem,  what,  272,  feq.  Preference 
chonick,  276.  Not  contrary  to  feripture, 

Copper,  fpecifick  gravity  of. 

Cornea,  what,  103. 

Cryllalline  humour,  106.  In  the  eye  of  a  myops,  112.  Of 
a  prefbyta,  ib. 

Curve  lines,  when  appearing  as  right,  226,  feq. 

Cycloidal  machine  for  imitating  the  motions  of  the  planets,  27  6. 

D. 

Day-fly  deferibed,  169. 

Death,  what,  161. 

Declination  of  the  liars,  222.  Changeable,  224. 

Denfity  of  the  air,  how  decreafing,  79. 

Diameter  of  the  earth,  9,  feq.  Apparent  of  the  planets  now 
greater,  again  lefs,  250.  True  of  the  moon,  fun  and  pla¬ 
nets,  "  288,  feq. 

Double  vifion,  114,  feq. 

Dreams,  what,  152.  When  regular  thoughts,  ib.  Remark¬ 
able  dreams,  152,  feq. 

Drum  of  the  ear,  1 04.  Membrane  of, 

DuCtus  thoracicus. 

Duodenum, 

E. 

Ear  and  its  parts,  104 

Earth  round,  2.  Fire  conllantly  in,  17.  When  eclipling  the 
moon,  231.  Spheroidal  and  flatted  towards  the  poles,  9,  feq. 

C  c  2  Magnitude 


ib. 

89. 

89. 

feq. 


I  INf  D  E  X. 

Magnitude  of,  12.  A  primary  planet,  272.  Path  of,  277,  feq. 
Diurnal  motion,  13,  feq.  Gives  the  appearance  of  the  com¬ 
mon  of  the  liars,  259,  feq.  Annual  motion  of,  explains 
the  apparent  motion  of  the  planets  and  fun,  260,  feq.  Pro¬ 
duces  various  appearances  in  the  fixt  liars,  267,  feq.  Gra¬ 
vity  towards  the  moon,  295,  feq.  Towards  the  fun,  294,  feq. 
Towards  the  planets,  306,  feq.  Earth  approaches  the  fun 
in  a  minute  30  feet,  294,  feq.  Is  without  the  path  of  Venus , 
252.  Whether  moved  out  of  her  place  by  the  moon’s  attrac¬ 
tion,  296,  feq.  Atmofphere  of,  39.  Poles  of  her  ecliptick 
defcribe  yearly  a  circle,  267.  Dillance  from  the  fun, 
285,  feq.  From  the  planets,  286,  feq.  Sphericity  of,  2. 
Periodical  time  fhortening,  368,  feq.  In  what  quantity,  ib. 
Eclipfe  of,  230.  Surface  of,  convex,  2,  feq.  Why  appear¬ 
ing  convex  at  a  dillance,  123.  Earth  in  particular,  charac¬ 
ters  of,  16,  feq.  Earth  in  general,  what,  14. 

Earth-quake,  19. 

Ebb  and  flood,  what,  32.  Regulated  by  the  fun  and  moon,  ib. 
Effects  of  their  force,  307.  Imitation  of,  by  eledlricity, 
309,  feq.  Ebb  and  flood  in  the  earth’s  atmofphere,  312. 
Eccentricity,  what,  278.  Of  each  feveral  planet,  285,  feq. 

Decreafes,  368,  feq. 

Eccentrick  circles,  what,  277.  Anomaly,  279. 

Eclipfe,  what,  230.  Of  the  fun,  230,  feq.  Of  the  earth, 
230.  Of  the  moon,  231,  233,  347.  Of  the  fatellites  of 
'Jupiter  and  Saturn ,  230.  Supernatural,  ib. 

Ecliptick,  what,  220.  Divides  the  equator  into  two  halves, 
221.  Poles  of,  221,  feq.  The  path  of  the  fun,  260. 
Signs  of,  why  appearing  to  advance  eallward,  305.  Obli¬ 
quity  of,  altered  by  the  comets,  363,  feq. 

Egg,  what,  168. 

Eledrical  matter  of  the  atmofphere,  71,  feq.  How  excited  in 
the  atmofphere,  72,  feq.  Caufes  the  inflexion  of  the  rays 
of  light,  243.  -Sparks  perforating  paper,  leather,  &c.  71. 
From  thunder- Horms,  72.  Flalhes,  on  iron  bars  on  buildings 
at  the  time  of  a  liorm,  78. 

Eleflricity  of  the  atmofphere,  70,  feq.  Of  thunder,  ib.  How 
ariling,  71.  Forms  an  imitation  of  ebb  and  flood,  309,  feq. 
Of  the  motion  of  the  fun  and  planets,  361,  feq. 

Elliplis,  why  fome  fixt  liars  appear  to  defcribe  fuch,  270,  feq. 
Eye,  parts  of,  105,  feq.  Why  objects  appear  not  thereto  re¬ 
versed,  108.  By  what  one  fees  dillinftly,  108,  feq.  113. 
Eye  of  amyops,  111,  leq.  113.  Of  a  prelbyta,  112, 113,  feq. 

F. 

Faculae  of  the  fun,  215. 

Female,  what,  168.  Flowers,  205.  Plants,  206.  Seed,  172. 

Fire 


INDEX. 

Fil'e  in  the  earth,  17,  feq.  Subterraneous,  whence  arifing  in 
mountains,  19.  When  burfting  forth,  ib.  Whence  it  gains 
ftrength,  20,  feq.  Fire  arifing  by  mixture,  19. 

Fixt  ftars,  what,  219.  Appear  fattened  in  the  heavens  and 
equidiftant,  ib.  Dittance  from  the  earth,  374,  feq.  Ap¬ 
parent  revolution,  223.  Origin  thereof,  305,  feq.  Longitude 
of,  increafes  yearly,  223.  Declination  changing,  224. 
Stars  appearing  feldom,  256.  Appearing  to  approach,  ftill 
nigher  and  nigher  to  the  poles  of  the  world,  305,  feq. 
Whether  gravitating  towards  the  fun  and  planets,  374,  feq. 
Not  feen  in  their  place,  376.  Magnitude  of,  375.  Action 
by  light,  ib.  Light  of,  when  coming  to  the  earth,  376. 
Connexion  with  the  fun  and  planets,  375.  Whether  planets 
round  them,  ib.  Why  appearing  to  change  their  mutual 
dittance,  268,  feq.  Why  not  always  having  the  fame  dis¬ 
tance  from  our  vertex,  269.  Why  one  appears  fometimes 
double,  270.  Why  appear  to  vibrate  and  defcribe  ellipfes,  27 1 . 

Flame,  why  appearing  larger  at  a  dittance,  124,  leq. 

Flood,  what,  32.  Regulated  by  the  fituation  of  the  fun  and 
moon,  32,  feq.  Changes  of,  35.  In  the  river  Amazon,  ib. 

Fluids,  celerity  of,  heightened  by  the  pretture,  29. 

Fruit,  formation  of,  in  animals  and  vegetables,  210,  feq. 

Full-moon,  what,  226. 

G. 

Gall,  where  feparated,  89. 

General  objeft,  what,  156. 

Generation,  what,  163.  Without  copulation,  168,  feq.  Se¬ 
veral  opinions  about,  172,  feq. 

Glaucoma,  what,  109. 

God,  notion  of,  159, 

Gold,  fpecifick  gravity  of,  16.  Conftituent  parts  of,  ib.  Duc¬ 
tility  of,  ib. 

Gravity,  fpecifick,  of  metals,  16.  Why  decreasing  under  the 
equator,  8,  feq.  13,  feq.  Lines  of  direction  of,  on  the  earth, 
12,  feq.  Is  lefs  on  the  mountains,  3.  The  rules  by  which 
gravity  decreafes,  4,  feq.  Of  a  body,  when  every  where 
on  the  earth  one  and  the  fame,  6.  Bnt  not  one  and  the  fame, 
6,  feq.  General  of  the  fun  and  planets  towards  each  other, 
295,  feq.  By  gravity  the  planets  retained  in  their  orbits, 
292,  feq.  And  by  it  the  primary  ttand  connected  with  their 

296. 
41. 

>  81. 

109. 

24. 

C  c  %  Halo, 


fatellites, 
Ground-heat,  what, 
Growth  of  plants, 

Gutta  ferena,  what, 

Had,  whence  produced. 


K. 


INDEX. 


Halo,  what,  56. 

Heart,  87.  All  the  blood  paffes  from  and  to,  88.  Ventricles 
of,  87.  Auricles  of,  ib. 

Heating  of  comets,  341. 

Heavens,  what,  1 .  Why  appearing  as  a  concave  hemifphere, 

125,  feq.  Why  appearing  to  lie  on  the  earth,  ib.  Why  at 
times  appearing  all  of  a  fire, 

Hemerobios  deferibed, 


Hermaphrodites,  what,  1 68. 
generating  without  coition, 
205.  Plants, 

Horizon, 

Horopter,  what, 

Humours  of  the  eye, 
Hyaloides  in  the  eye,  what. 


Examples  of,  170,  feq. 
171.  Hermaphrodite 


333- 

169. 

Some 

flowers, 

206. 

54- 

115. 

105. 

207. 


I. 


linage  on  the  retina,  why  reverfed,  107.  In  the  eye,  how  to 
determine  diameter  of,  116.  How  decreaflng,  ib.  Image 


in  the  eye  not  feen  by  the  foul,  1 17,  feq. 

Impreflions  on  the  nerves,  duration  of,  136.  Nature  of,  137. 

Common  receptacle  of,  139,  feq. 

Inequalities  in  the  motion  of  the  moon,  297,  feq.  Whence 
arifing,  299,  feq. 

Inflection  of  the  rays,  properly  a  refraCtion,  243. 

Infects,  what,  86. 

Integral  heat  of  the  atmofphere,  what,  41. 

Iris  in  the  eye,  ic6. 

Iron,  fpecifick  gravity  of,  1 6. 


Judgments  formed  awake  and  afleep,  149.  The  foul,  why 
awake  fitter  for,  ib.  Why  forming  right  judgments  afleep, 

15 1,  feq. 

Jupiter  has  four  moons  or  fatellites,  226.  Projects  a  fhadow, 
227.  Eclipfes  his  fatellites,  227,  230.  Spots  of,  244. 
Great  changes  happen  on  his  furface,  ib.  Belts  of,  ib. 
Turns  about  his  axis,  254,  feq.  Gravitates  towards  his  fa¬ 
tellites,  295.  Diilurbs  Saturn  and  his  fatellites,  306.  Path 
of,  encompaffed  by  that  of  Saturn ,  254.  Period  of,  ib. 
Eccentricity  of,  and  diftance  from  the  fun,  286.  From  the 
earth,  287.  Diameter  of,  290.  Surface  of,  ib.  Magni¬ 
tude  of,  ib.  When  and  why,  how  far  and  how  long  it  ap¬ 
pears  retrograde,  249,  262.,  feq. 


L. 

Laboratory  of  the  foul,  142.  Conflfls  of  uncommonly  firm  and 
fubtle  parts,  140.  Whether  fubjefr  to  corruption,  160,  feq. 
Of  what  fervice  it  may  be  to  the  foul  in  the  future  hate, 

16 1,  feq. 


1  N  D  E  X. 


Labyrinth  in  the  ear. 

Latitude  of  a  ftar, 

Lead,  fpecifick  gravity  of, 

Libration  of  the  moon, 

Linea  apfidum,  what, 

Lines,  how  appearing  lefs  at  a  diftance, 


SO 3, 
222. 
1 6. 
251. 
278. 
125,  feq. 


Longitude  of  a  ftar,  222.  Of  the  ftxt  ftars  increafes  yearly, 
223,  feq.  Reafonof,  305,  feq. 

Lungs,  what,  88. 


M. 


Male  blofloms, 

Male  plants, 

Male  feed,  169.  Mixture  of  with  the  female,  172. 
therein,  180,  feq.  Smallnefs  of,  ib.  What  the 
tributes  to  generation. 

Malleus  in  the  ear, 

Manometer,  what, 

Mars,  when  and  why  Teeming  retrograde,  249,  262,  feq 


203,  feq. 
206,  feq. 

Animals 
feed  con** 
feq. 
104«, 

49« 

How 
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long  and  how  far  appearing  retrograde,  ib.  Appears  not  always 
full,  228.  Nearer  the  earth  in  the  oppofition  than  conjunction, 
250.  True  diameter  of,  290.  Orbit  of,  included  within  that  of 
‘Jupiter,  254.  Period  of,  254.  Spots  of,  244.  Turns  about 
its  axis,  254.  Eccentricity  of,  285.  Diftance  from  the  fun. 

286.  From  the  earth,  287.  Surface  and  magnitude,  290. 

Meatus  in  the  ear,  104,  feq. 

Mercury  appears  not  always  full,  228.  Appears  in  the  fun,  ib. 

Moves  round  the  fun,  232.  Orbit  of,  included  in  that  of 
Venus ,  233.  Period  of,  ib.  Never  in  oppofition  with  the 
fun,  247.  Eccentricity  of,  286.  Diftance  from  the  fun, 

287.  From  the  earth,  290.  When  and  why  feeming  retro¬ 

grade,  249,  261.  Why  appearing  to  move  with  the  fun 
about  the  earth,  261. 

Meridian,  what,  220.  Degrees  of,  increafe  from  the  equator 
to  the  poles,  10,  feq.  Of  the  world,  220. 

Moon,  fourfold  ftate  of,  226,  feq.  Projects  a  fhadow',  230. 
Has  mountains,  234.  Different  matters  and  cavities,  ib. 
An  atmofphere,  238,  feq.  Moves  round  the  earth  in  an 
ellipfis,  230,  278.  Turns  round  her  axis,  231.  Diftance 
from  the  earth,  279,  feq.  Magnitude  of,  288,  feq.  Moves 
the  earth  out  of  its  place,  296,  feq.  Gravitates  towards  the 
fun,  299,  feq.  Caufes  the  receftion  of  the  ^equinoctial  points, 
303.  Ebb  and  flood  in  the  fea,  307,  feq.  And  in  the  at- 
mofphere,  312.  Libration  of,  231.  Diameter,  furface  of, 

288.  feq.  Nodes  move  backwards  by  the  fun’s  attraction, 
301.  Inequality  in  her  motion,  whence  arifmg,  299,  feq. 
Her  parallax  ferving  to  And  her  diftance  from  the  earth,  179, 

C  c  4  feq.. 


INDEX. 

feq.  Apparent  motion  thro*  the  zodiack,  whence  arifing, 
237,  feq.  Approaches  the  earth  in  a  minute  15  feet,  293, 
feq.  When  eclipfing  the  fun,  230.  Changing  the  weather, 
312.  Never  appearing  retrograde,  249.  An  encompafling 
ring  in  eclipfes  of  the  fun,  238,  feq.  In  fome  eclipfes  en¬ 
tirely  invifible,  233.  Coloured  in  many,  ib.  Path  of,  250. 
Elliptick,  278.  Chart  of,  234,  feq.  Eclipfe  of,  when 
poffible,  231.  Vifible  at  once  and  of  equal  magnitude  in  all 
places,  ib.  Begins  on  the  moon’s  eaftern  limb  find,  ib.  To¬ 
tal,  partial,  ib.  Atmofphere  of,  238.  Path  elliptick,  278. 
Motion,  why  a  body  appears  to  have  any,  128.  Motion  round 
the  axis  arifes  from  gravity,  370.  Apparent  motions,  128, 

feq. 

Mountains,  whence  their  cold,  23,  feq.  Whence  the  marine 
bodies  upon  them,  27,  feq. 

Mufcles,  how  moving,  90.  Are  homodromous  leavers,  94. 
Force  of,  greater  than  that  of  the  weight,  93. 

N. 

Nadir,  what,  54. 

Nebulas  in  the  fun,  what,  215. 

Nerves  impreflions  on,  duration  of,  136.  Of  what  confifting, 
13 1.  Quick  motion  through,  133.  How  poffible,  ib. 
Stringing  the  nerves,  134.  Vibration  of,  133. 

Nervous  juice  fecreted  in  the  brain,  89.  By  its  influx  the  muf¬ 


cles  are  fwelled, 
New-moon,  what. 
Night-walking, 
Nodes,  what,  246. 

fun’s  attraction, 
North,  what. 


90,  feq. 
226,  feq. 
1 3  4. 

Of  the  moon  move  retrograde  by  the 

301* 
219. 

North-pole  of  the  world,  220. 

Northern  light,  circumftances  of,  317,  feq.  Height  of,  319. 
feq.  Pillars,  pyramids,  and  rays  of,  328,  feq.  Vibration 
and  colours,  ib.  Arifes  not  from  the  vapours  of  the  atmo¬ 
fphere,  3  19,  feq.  But  from  thofe  of  the  folar  atmofphere,  ib. 
Why  not  feen  in  the  day-time,  328.  Forms  over  the  north 
pole  a  fpheroidal  hood,  327.  Why  peculiar  to  the  northern 
parts,  323,  Why  more  plentiful  in  winter  than  in  fummer, 
ib.  Why  moft  fo  about  the  autumnal  equinox,  ib. 

Nucleus  of  a  comet,  257. 

O. 


Objeft,  when  diflindly  feen,  113.  Why  not  feen  double  with 
two  eyes,  114,  feq.  Why  not  feen  reverfed,  108. 

Ocean 


1 


INDEX. 

Ocean  has  ebb  and  Hood,  32.  And  whence,  307,  feq.  Moves 
conftantly  from  eaft  to  well,  35,  feq.  And  why,  ib. 

246,  feq. 
279. 
106. 

273* 

83. 

83,  103, 


Oppofition  of  the  liars. 

Optical  place,  what,  128.  True  and  apparent, 
Optick  nerves, 

Order  of  the  fun  and  planets,  what, 

Organifm,  what, 

Organs  of  fenfation,  what, 


P. 


-Palm-tree,  fex  of,  206,  feq. 

Parallaftick  angle,  279. 

Parallax,  what,  128.  Of  altitude,  279. 

Parallel  lines  appearing  convergent,  122,  feq. 

Path  of  the  primary  planets,  277.  Of  the  moon,  250.  Of 
the  fatellites,  279.  Of  the  inferior  and  fuperior  planets,  254. 
Of  the  earth,  elliptical,  277,  feq. 

Pendulum  goes  Hower  on  a  higher  place  than  at  its  foot,  3.  At 
the  poles  quicker  than  at  the  equator,  6,  feq. 

Perigäum,  what,  178. 

Perihelium ,  what,  178. 

Periodical  times  of  the  moon,  251.  Of  the  planets,  252,  feq. 
Of  the  fatellites  of  Jupiter  and  Saturn,  255.  Mutual  ratio 
of  their  fquares,  287,  feq.  Become  Ihorter,  367,  feq. 
Periods  of  the  comets  of  1680,  1682,  1744,  362,  369. 

Confiderably  fhortened,  369. 

Pillillum  of  the  female  bloflom,  203. 

Place  natural,  what,  128.  Optical,  ib.  Of  a  liar,  by  what 
determined,  222.  By  what  earth  and  fun  are  moved  out 
of  their  places,  296.  True  and  apparent  places  of  comets, 
338,  feq.  How  afixt  liar  appears  to  fhift  its  place,  267,  feq. 
Why  the  fixt  liars  cannot  be  feen  in  their  actual  place,  376. 
Difference  of  place,  what,  128. 

Planetary  fyllem,  272. 

Planets,  what,  225,  feq.  Species  of,  ib.  Superior,  253. 
Inferior,  254.  Whether  any  move  round  the  fixt  liars,  373. 
Approach  ever  nearer  the  fun,  367,  feq.  Retarded  in  their 
motion  by  the  aether,  3 66.  May  be  diHurbed  by  a  comet, 
363,  feq.  Whence  they  have  their  light,  226,  feq.  Con- 

fills  not  in  reflected  folar  rays,  228.  Mutual  attraftion  of,  306. 
Paths  of,  elliptical,  277,  feq.  Retained  therein  by  gravity, 
292.  Paths  of  the  fuperior  go  round  the  earth  and  fun,  233, 
feq.  Of  the  inferior,  only  round  the  fun,  232.  Included 

within  the  paths  of  the  fuperior,  234.  Common  and  pro¬ 
per  motion  of,  243.  In  their  apparent  motion  make  excur- 

fions 


INDEX. 

jßons  beyond  the  ecliptick,  246.  True  motion  of,  250,  feq. 
Turn  round  their  axes,  251,  254,  feq.  Ariftng  from  their 
gravity,  371.  Imitated  by  eleftricity,  372,  feq.  Eccentri¬ 
city  of,  286.  Decreaftng,  368.  Diameters,  furfaces,  and 
magnitudes,  290.  Diftance  from  the  fun,  285,  feq. 

Planets,  diftance  of  from  the  earth,  287.  Why  the  fuperior 
are  nigher  the  earth  in  the  oppofition  than  in  the  conjunction, 
264.  Gravity  of,  towards  the  fun,  292,  feq.  299,  feq. 
Mutual  gravity,  306,  feq.  Whether  gravitating  towards  the 
Ears,  374,  feq.  By  gravity  continue  in  their  orbits,  292, 
feq.  By  gravity  continue  united  with  the  fun,  296.  Ac¬ 
tion  on  the  fun,  296,  feq.  On  each  other,  299,  feq.  306, 
feq.  On  the  comets,  365,  feq.  Periodical  times  of,  252, 
feq.  Ratio  of  to  each  other,  287,  feq.  Become  ftiorter, 

367,  feq. 

Plants,  what,  83.  Veflels  of,  84.  Sap  of,  84,  feq.  Change 
of,  85.  Three  fpecies  of,  206.  Fruitfulnefs  of,  206,  feq. 

Point,  what  bodies  appear  as,  221,  Where  the  fun  appears  as 
a  point,  375.  When  lines  appear  to  run  together  into  a 
point,  123. 

Polar  ftar,  220.  Declination  of,  224,  feq. 

Pole  of  the  earth  defcribes  in  the  annual  motion  a  circle,  267. 
Of  the  ecliptick,  222.  Defcribes  alfo  a  circle,  267.  Of 
the  world,  220.  Defcribes  round  the  ecliptick  a  circle  from 
eaft  to  weft,  305,  feq. 

Poles  of  the  earth,  the  earth  flat  under,  9,  feq.  Defcribe  yearly 
a  circle,  269. 

Precefiion  of  the  equinoxes,  224.  Caufe  of,  303,  feq. 

Prefbyta,  what,  110.  By  what  rays  he  aiftinCUy  fees,  hi. 
Convex  glaftes  of  fervice  to,  ib. 

Preflure  accelerating  the  velocity  of  fluids,  29,  feq. 

Primary  planets,  225,  feq.  Varying  diftances  of,  from  the 
earth,  250.  From  the  fan,  285,  feq.  Diredl,  ftationary 
and  retrograde,  249. 

R. 

Rain-bow  ordinary  and  inner,  59.  Origin  of,  ib.  The  extra¬ 
ordinary,  upper  and  outer,  61,  feq.  Origin  of,  ib.  Third 
rain-bow,  63.  When  no  rain-bow  is  obfervable,  66,  feq. 
When  a  part  of  the  rain-bow  appears,  68.  Breadth  of,  62. 
Circumference  o£  64,  feq.  When  its  colours  are  vivid, 

62,  feq. 

Rays  of  the  fuft  refracted  in  the  moon’^  atmofphere,  238,  feq. 
Thofe  Tefra&ed  in  the  earth’s  atmofphere  produce  a  light  in 
an  eclipfe  of  the  moon  on  her  furface,  233. 

Receptacle  common,  of  the  fenftble  imprefiions,  137,  feq.  To 

what  ferving,  142. 

Refpiratiou, 
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Refpiration, 

Reft,  when  obje&s  in  motion  appear  to  be  in,  129,  feq„ 

Rstina,  what,  106.  Tender  fibrils  of,  116.  Images  on,  re- 
verfed,  107.  Magnitude  of  the  images  on,  116,  feq.  Thefe 
images  not  exhibited  to  the  foul,  1 17. 

Retrogradation  of  the  planets,  249.  Whence  that  of  the  fu* 
perior,  262,  feq.  Of  the  inferior,  261,  feq. 

Ring  about  the  Moon,  238.  About  Saturn,  229» 

River  moves  at  the  bottom,  3 1 . 

S. 

Sap  in  plants,  84,  feq.  Prepared  in  the  vehicles  for  the  nature 
of  a  plant,  85,  feq.  Velocity  of  its  afeent,  86. 

Sap-tubes,  84,  86. 

Satellites,  what,  226.  Project  fhadows,  226,  feq.  Of  Ju¬ 
piter  revolve  round  him,  255.  Diftances  from,  287.  Of 
Saturn  move  round  him,  255.  Diftances  from,  287. 

Saturn  has  fpots  and  ftripes,  243.  And  an  opake  ring  around 
it,  229.  As  alfo  five  fatellites,  226.  Which  are  eclipfed 
by  him,  227,  23c.  Gravitates  towards  them,  293.  Dis¬ 
turbed  by  Jupiter ,  306.  His  orbit  encompafting  that  of  Ju¬ 
piter  234. 

Sclerotica,  what,  *  106. 

Sea  is  convex,  3.  Encompaftes  the  earth,  ib.  From  the  fea 
fire  burfts  forth,  17,  Yeq, 

Sea-animals  and  plants  on  mountains,  whence,  27,  feq* 

Sea-current,  what,  36,  feq. 

Sea-water,  why  not  freezing  at  bottom,  18. 

Sea,  full,  high,  low,  32. 

Seed  of  an  animal,  168.  What  the  male  contributes  to  gene¬ 
ration,  unknown,  201,  feq.  The  female,  and  its  mixture 
with  the  male,  172,  feq.  Of  a  plant,  204,  feq.  Impreg¬ 
nated  by  the  flower-duft,  203,  206,  feq; 

Senfation,  what,  103,  feq.  Violence  of,  134.  Nerves  of, 
13 1,  feq.  Vibration  of,  133. 

Senfible  impreflions,  137.  Propagation  of,  138,  feq.  Whe¬ 
ther  vitiated  entirely  by  certain  difeafes,  146,  feq.  Whether 
neceffary  to  the  thoughts  on  incorporeal  things,  133,  feq. 

Senfory  common,  what,  137,  feq. 

Sex,  what,  163,  Some  animals  have  none,  ib. 

Sight,  fhort  and  diftant,  no,  feq.  Extent  of,  34. 

Shadows  projefted  by  the  planets,  22 6,  feq.  Proje&ed  by  the 
mountains  of  the  moon,  234. 

Silver,  fpecifick  gravity  of,  16. 

Single  vifion,  114. 

Sirius ,  diftance  from  the  earth,  375.  How  big  the  fun  appears 
in,  ib. 

Sleep 
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Sleep  found,  what,  153.  Judgments  formed  in,  14.9,  feq. 
Unfound  deep,  .  153. 

Smell,  what,  1 04. 

Snails  are  hermophrodites,  170,  feq. 

Snow,  whence  produced,  24. 

Solar  eclipfe,  what,  230.  When  ariling,  230,  feq.  Happening 

in  one  place  on  the  earth  more  than  in  another,  231.  feq. 
Beginning  at  the  fun’s  weftern  limb,  231.  Supernatural,  230. 
Total  and  partial,  230,  feq. 

Solar  heat,  what,  41. 

Soul,  laboratory  of,  142.  When  thinking  irregularly,  143, 
When  unable  to  ufe  either  memory  or  underftanding,  143. 

feq.  When  again  coming  to  the  ufe  of  the  underftanding, 
147,  feq.  How  in  the  future  life  able  to  recoiled!  her 
former  ftate,  162.  How  feeing  an  object  larger  than  its 
image  in  the  eye,  117  feq. 

South,  what,  219. 

South-pole  of  the  world,  what,  220. 

Space  of  falling  bodies  at  different  diftances  in  the  ftrft  fecond, 
5,  feq.  That,  which  may  be  furveyed  at  once,  1 18,  feq. 

Sphere,  not  to  be  feen  at  once  for  the  half  of  it,  120.  When 
appearing  as  a  circle  or  difk,  127 

Spots,  what,  244.  Dark  and  bright,  ib.  In  the  fun,  213. 
Are  not  ftars,  ib.  Arife  out  of  the  fun’s  body,  214.  Are 
not  vapours  of  the  fun,  ib.  Nor  floating  bodies,  ib.  Are 
changeable  mountains  in  the  fun,  214,  feq.  Magnitude  of, 
215.  Motion  and  return  of,  216.  Diminifh  not  remarkably 
the  fun’s  heat,  215. 

Springs,  whence  they  derive  their  water,  24,  feq. 

Stamina  of  plants,  205. 

Stapes  in  the  ear,  1 04. 

Stars,  what,  1.  Stars  feldom  appearing,  256.  Afpedts  of, 
246,  feq.  Common  motion  of,  explicable  by  the  earth’s 
diurnal  motion,  259.  Declination,  latitude,  longitude  and 
place  of,  222. 

Station  of  the  planets,  249. 

Stomach,  how  adting  in  digeftion,  89. 

Sun,  what,  213.  Atmofphere  of,  217.  Motion  about  its 
axis,  216,  feq.  Arifes  from  its  gravity  towards  the  primary 
planets,  371,  feq.  Apparent  motion  through  the  ecliptick, 
220,  feq.  Arifes  from  the  earth’s  annual  motion,  260, 
feq.  Varying  diftance  from  the  earth,  250,  285.  Gra¬ 
vity  towards  the  primary  planets,  295,  feq.  Diameter,  fur- 
face,  and  folidity  of,  289,  feq.  Spots,  nebula  and  facula  of, 
213,  feq.  Confifts  not  of  equally  fiery  matter,  213.  Ap¬ 
pears  never  retrogade,  249.  Occupies  the  middle  place  in  the 

orbits 
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orbits  of  the  planets,  272.  Continues  united  with  the  pla¬ 
nets  by  its  gravity,  296.  Whether  difturbed  by  the  earth 
296,  feq.  How  large  appearing  in  Sirius ,  375.  Whether 
gravitating  towards  the  iixt  liars,  unknown,  ib. 

Syllem  of  the  world,  the  Copernican,  272,  feq.  Ptolemaick, 
275,  feq.  Tychonick,  275,  feq.  An  eledlrical  lydem,  371,  feq. 

T. 


Tail  of  a  comet,  whence  ariftng,  346.  Why  parted  into 

branches,  359.  Illuminated  by  the  fun,  349,  feq.  Wliy 
"now  longer,  again  Ihorter,  345,  feq.  True  length  of,  how 
found,  ib.  Why  the  liars  may  be  feen  through  it,  356. 
When  caufmg  an  alteration  in  the  atmofphere  of  a  planet, 
365.  Apparent  length  of,  345,  feq.  Quick  afcent  of,  3 5 3 . 
Tenuity  of,  336.  Why  afcending  obliquely,  ib.  Why  de- 
creafing  in  length,  when  the  comet  comes  very  near  the  fun, 
358,  feq. 

Talle,  what,  104. 

Tendons,  what,  90.  No  fwelling  obfervable  In,  94. 

Thoughts,  what,  158.  When  in  confufion,  143.  And  again 
coming  into  order,  147,  feq.  Whether  fenfible  impreffions 
are  neceffary  to  thoughts  on  incorporeal  objects,  133,  feq. 

Thunder-claps,  of  two  fpecies,  69.  Eleftrical  effects  in  the 
quarter,  whence  it  arifes,  70.  Ariling,  on  the  ele&rical 
matter  of  the  atmofphere  being  put  in  motion,  72.  The 
poflibility  of  this,  72,  feq.  When  it  touches  a  body,  74. 


When  it  fires, 

ib. 

Tin,  fpecifick  gravity  of. 

16. 

Tinging  drops  of  rain,  60.  A  row  of, 

ib. 

Tower,  top  of,  why  appearing  to  incline, 

123. 

Tranfpiration  of  plants,  83.  Quicknefs  of, 

86, 

Twilight  what,  53.  Morning  and  evening,  what 

■3  ib. 

V. 

Veins,  what, 

87. 

Vena  cava. 

87. 

Ventricles  of  the  heart, 

fometimes  in 

Venus  appears  not  always  full,  227.  Obferved 

the  fun,  ib.  Mountains  in,  234.  And  fpots,  244.  Never 

oppofite  to  the  fun,  247.  Revolves  about  her  axis,  234,  feq. 
Round  the  fun,  232.  Why  appearing  to  move  with  the  fun 
about  the  earth,  261.  Why  appearing  retrograde,  ib. 

Veficles  of  plants  contain  juice,  84.  In  them  the  juice  is  chang¬ 
ed,  83. 

Vibration  of  the  nerves,  135. 

■  Vitreous 
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Vitreous  humour  in  the  eye,  106 

Vulcano’s,  19,  feq. 


U. 


Underflanding,  the  foul  when  incapable  of. 
Uterus,  what. 

Uvea  in  the  eye. 


«43»  fe<I- 

l68. 
I  06. 


w. 

Water-polypes,  163,  feq. 

Weather,  changes  of,  explained,  3 1 2. 

Whirl-pools,  how  ariflng,  37,  feq.  Why  deeper  towards  the 
middle,  3  8.  How  a  floating  body  is  driven  towards  the  mid¬ 
dle  of,  38,  feq. 

Wind,  what,  50.  Caufes  of,  50,  51,  feq.  Species  of,  51. 
Velocity  and  ftrength  of,  '  53,  feq. 

V. 


Year,  Julian,  368.  Tropical, 

ib. 

Z. 

Zodiacal  light,  what. 

217,  feq. 

Zodiack,  what. 

246. 

Zenith,  what, 

54- 

I 


CORRIGENDA. 

PAGE  47.  line  10.  read  p.  182.  p.  65.  1.  antepenult,  r. 

vertical,  p.  137.  1.  6.  for  thefe  r.  there,  p.  195.  1.  18. 
r.  But  we  have.  p.  237.  J.  7.  for  obfervations,  r.  alterations, 
p.  239.  1.  laft  but  four,  for  following,  r.  folar.  ibid.  1.  laft,  r. 
year  1749.  p.  265.  1.  8.  for  ftars  r.  ftands.  p.  267.  1.  5. 
from  the  bottom,  for  has,  r.  have.  p.  269.  1.  8  from  the  bot¬ 
tom,  r.  But  the  fecant  S  C.  p.  284.  1.  12  from  the  bottom* 
after  one,  r.  and. 
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